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The Garrett Corporation, Los Angeles, under contract to the NASA Manned
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NASA Manned Spacecraft Center, and is under the technical direction of W. W.

Guy. F. H. Green is the principal investigator at AiResearch.
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SECTION 1

INTRODUCTION

This document describes a digital computer program for the analysis of
periodic thermal loads imposed on space vehicle environmental control systems.
In an orbiting vehicle, for example, the external heat load will vary exten-
sively as a function of time. The walls of the vehicle will be composed of
several layers of material, each with different heat transfer characteristics.
The resulting influence upon the interior atmosphere of the vehicle will lag
(in. time) behind the outside changes and be of far different magnitude.

The purpose of the computer program is to predict the resulting influence
by simple means and to predict the performance of different types of vehicle
walls under different imposed thermal loads. Basic performance equations and
logic for thirty different system loads are included in the program. Adapta-
tion to different loads is made by simple input adjustments. Usually, more
than one type of load is considered at one time.

The assumptions used and the equations solved are presented, together
with the program listings, written in FORTRAN II language, usable on the
IBM 7074, 7090, and 7094. Examples of program input, program output, "and
program usage are included.
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SECTION 2
NOMENCLATURE
ANRO(I)

Program Dimension ANRO(!0!)
Input Dimension DATA (LBN < 201)
Input - Fixed point - FI0.5 - Decimal percent

Over-all transmissivity of first, outside, material layer for infrared
radiation at time I. LBD = 21,
ANRP(I)

Program Dimension ANRP(10l)
Input Dimension DATA (LBN < 201)
Input - Fixed Point -~ F10.5 - Decimal percent

Over-all transmissivity of second material layer for infrared radiation
at time 1. LBD = 26.
ANSO(I)

Program Dimension ANSO(101)
Input Dimension DATA (LBN =< 201)
Input - Fixed point - FI0.5 - Decimal percent

Over-all transmissivity of first, outside, material layer for visible
(solar) radiation at time I. LBD = 24.
ANSP(T)

Program Dimension ANSP(10})
Input Dimension DATA (LBN = 201)
Input - Fixed point - FI0.5 ~ Decimal percent

Over-all transmissivity of second material layer for visible (solar)
radiation at time I. LBD = 29. ’
AR12(1)

Program Dimension ARI2(101)
Input Dimension DATA (LBN = 20I)
Input - Fixed point - FI0.5 - Decimal percent

Reflectivity of surface of first material layer for infrared radiation at
time'1. LBD = 22. '
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AR23(1)

Program Dimension AR23(101)
Input Dimension DATA (LBN = 201)
Input - Fixed point - F10.5 ~ Decimal percent

Reflectivity of surface of second material layer for infrared radiation
at time I. LBD = 27.

ARSI(1)

Program Dimension ARSI(10l)
Input Dimension DATA (LBN = 201)
Input - Fixed point - FI0.5 - Decimal percent

Inside radiant source - inside wall surface absorptivity factor at time
I. LBD = 18.

ARSO(I)

Program Dimension ARSO(101)
Input Dimension DATA (LBN = 201)
Input - Fixed point - FI0.5 ~ Decimal percent

Outside - first radiant source - outside wall surface absorptivity factor
at time I. LBD = 10. If the outside layer of the wall is transparent,
this is the surface absorptivity for infrared radiation.

ARSSO(1I)

Program Dimension ARSSO(10l)
Input Dimension DATA (LBN < 201)
Input - Fixed point - F10.5 - Decimal percent

Outside - second radiant source - outside wall surface absorptivity fac-
tor at time I. LBD = {2. If the outside layer of the wall is transparent
this is the surface absorptivity for visible (solar) radiation.

ARSTO(I)

Program Dimension ARSTO(101)
Input Dimension DATA (LBN < 201)
Input - Fixed point - FI0.5 ~ Decimal percent

Qutside - third radiant source - outside wall surface absorptivity fac-
tor at time I. LBD = |4,
AS12(1)

Program Dimension AS!12(101)
Input Dimension DATA (LBN = 20I)
Input - Fixed point - FI10.5 - Decimal percent

Reflectivity of surface of first material layer for visible (solar)
radiation at time I. LBD = 25.
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AS23(1)

Program Dimension AS23(101)
Input Dimension DATA (LBN = 20!)
Input - Fixed point - FI0.5 ~ Decimal percent

Reflectivity of surface of second material layer for visible (solar)
radiation at time I. LBD = 30.

AVACI

Input - Fixed point - FI0.5 - Decimal percent

Absorptivity of insideward wall surface facing vacuum layer.
AVACO

Input - Fixed point ~ FI0.5 - Decimal percent

Absorptivity of outsideward wall surface facing vacuum layer.
COND(I)

Dimension COND(5)
Input - Fixed point - F10.5 - Btu/hr/sq ft per °F/ft

Conductivity of material in layer I.
CSUBP(I)

Dimension CSUBP(5)
Input - Fixed point - FI0.5 - Btu/1b/°F

Specific heat of material in layer I.
CUE(I)

Dimension CUE(10)
Generated -~ Btu/hr/sq ft

Heat flow rate, situation I

I =1. Convection to outside surface.

2. Convection to inside surface.

3. Input (given) heat flow to outside surface.

4. Input (given) heat flow to inside surface.

5. Heat flow represented by given outside surface temperature.

6. Heat flow represented by given inside surface temperature.

7. Heat flow from third radiant source to outside surface.

8. Heat flow from second radiant source to outside surface.

9. Heat flow from first radiant source to outside surface minus heat
flow from outside surface“to outside sink.

10. Heat flow from inside radiant $oufce to inside surface minus heat
flow from inside surface to inside sink:
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CUEI(1)

Program Dimension CUEI((0})
Input Dimension DATA (LBN = 201)
Input - Fixed point - FI10.5 - Btu/hr/sq ft

Quantity of heat flowing to inside surface from inside sources at time I.
LBD = 6. )
CUEO(I)

Program Dimension CUEQO( 101)
Input Dimension DATA (LBN = 201)
Input - Fixed point - FI0.5 - Btu/hr/sq ft

Quantity of heat flowing to outside surface from outside sources at
time I. LBD = 5.

CUESI
OQutput - Fixed point - F7.2 - Btu/hr/sq ft

Rate of heat flow to inside wall surface from internal sources at a
particular time in the orbit or cycle.

CUESIS
Qutput ~ Fixed point ~ F7.2 - Btu/hr/sq ft

Rate of heat flow to inside wall surface from internal sources, sum of
all computed values of CUESI for one orbit or cycle.

CUESO
Output - Fixed point - F7.2 -~ Btu/hr/sq ft

Rate of heat flow to outside wall surface from external sources at a
particular time in the orbit or cycle.

CUESOQS
OQutput - Fixed point - F7.2 - Btu/hr/sq ft

Rate of heat flow to outside wall surface from external sources, sum of
all computed values of CUESO for one orbit or cycle.

DATA(I)

Dimension DATA(20!)
Input - Fixed point - FI0.5 - Units as defined under specific type of
data.

Periodic input data, identified by heading card (see under "LBD"), with
points arranged in chronological sequence. The total number of points,
"LBN," will be one more than the number of time divisions of data per
orbit since the last point must be a repeat of the first point. The

card format is: Heading card, containing LBD, LBN, and KL, followed by
as many data cards as needed in 7F10.5 format. This is repeated for each
type of data-. ‘
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(1,

DELT

J)
Dimension DD(102,2)
Generated
Proportional ity factor for construction lines for slice I.

J identifies const. line. J = | for const. line 2.
J = 2 for const. line 4.

Input - Fixed point - F10.5 - OF

Temperature difference used in test for convergence.

DTHN(I)

DX(1I)

Dimension DTHN(5)
OQutput - Fixed point - Fi0.5 - Hours

Time increment associated with material layer I.

Dimension DX(5)
OQutput - Fixed point - FI0.5 - Feet

Equivalent thickness of material layer I.

DXN(I)

DXNA

DXNB

g

Dimension DXN(5)
Qutput - Fixed point - Fi0.5 - Feet

Equivalent thickness, for k = |, of each slice of material layer I.

Generated

One-half of equivalent thickness of first slice of outside layer of
wall ="0.5 % DXN(1).

Generated

Thickness factor = DXNA + |.

AIRESEARCH MANUFACTURING DIVISION $5-3028

Los Angeles, California P age 2-5



DXNC
Generated

One-half of equivalent thickness of first slice of inside layer of
wall = 0.5 x DXN(IW). :

DXND

Generated

Thickness factor = DXNC + |.
ERI2(I)

Program Dimension ERI2(101)

Input Dimension DATA (LBN =201)

Input ~ Fixed point - FI0.5 - Decimal percent

Proportion of incident radiant energy which is infrared. LBD = 23
ER23(1)

Program Dimension ER23(101)

Input Dimension DATA (LBN = 201)

Input - Fixed point - Fi10.5 - Decimal percent . .
ERKI(I)

Program Dimension ERKI(101)

Input Dimension DATA (LBN = 201)

Input - Fixed point - FI0.5 - Decimal percent

Inside radiant sink = inside wall surface emissivity factor at time I.
LBD = 20.

ERKO(I)
Program Dimension ERKO(101)
Input Dimension DATA (LBN = 201)
Input - Fixed point ~ FI0.5 - Decimal percent

Outside radiant sink - outside wall surface emissivity factor at time I.
LBD = 16.

AIRESEARCH MANUFACTURING DIVISION $5-3028
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FCI(I)

Program Dimension FCI(101I)

"Input Dimension DATA (LBN < 201)

Input - Fixed point - F10.5 - Btu/hr/sq ft/°F

Inside air film heat transfer coefficient at time I. LBD = 4.
Fco(1)

Program Dimension FCO(101)

Input Dimension DATA (LBN < 201)

Input - Fixed point - FI10.5 - Btu/hr/sq ft/°F

Qutside air film heat transfer coefficient at time I. LBD = 2.
HRSOBT

Input - Fixed point - FIO0.5 « Hours

Time required for one orbit or cycle.
IDATA

Input - Integer constant

Number of time~dependent input variables for which data sets are provided.
See also DATA(I).

IL(1)

Dimension IL(5)
OQutput =~ Integer

Number of slices in material layer I. Maximum 20.
IND(I)

Dimension IND(20)
Generated-Integer

Integer used to identify and call equations in S/R TEMPER
INDX

Number of equations used in TEMPER
ITPMAX

Input - Integer constant

Maximum number of time intervals per orbit to be used in solution.
" Maximum is 100.

] AIRESEARCH MANUFACTURING DIVISION
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ITPMIN
Input - Integer constant

Minimum number of time intervals per orbit to be used in solution.

ITRN
Input - Integer constant

Constant indicating whether material layers are transparent to incoming
radiation, either infrared or visible or both.

ITRN = O No layer transparent

ITRN = | First, outside, layer transparent

ITRN = 2 First and second layers transparent

ITRN = 3 First and third layers transparent; second layer vacuum.

IVAC
Input -~ Integer constant
Constant indicating that one material layer of wall is a vacuum space.

IVAC = 1 No vacuum space
IVAC = 2 Second layer is vacuum

1}

IVAC = 3 Third layer is vacuum
IVAC = 4 Fourth layer is vacuum
Iw
Input - Integer constant
Number of material layers in wall. Maximum 5.
IWALL
Input - Integer constant
Wall number used to identify separate complete walls.
Iwe

Generated - Integer constant

Total number of slices in all material layers in wall, plus 2 to allow
identification of outside conditions (1) and inside conditions (IWC).

ANIRESEARCH MANUFACTURING DIVISION $5-3028
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IWD
Generated - Integer constant

Control integer for DISTX and TEMCAL loops. IWD = IWC ~I.

JDI
Input - Integer constant
Constant controlling print-out of intermediate diagnostic outputs.
JDI = 0 No intermediate print-out
JDI = | Intermediate print-out
JTPR
Output ~ Integer
Tests per orbit needed to satisfy basic equation. Number of time inter-
vals into which orbit is divided for computation and output.
KL
Input - Integer constant
Integer determining the number of points used in the interpolation.
Recommended value, 3.
LBD
Input - Integer constant
Identity number of a set of data. Values of this constant and correspond-
ing data symbols are:
LBD  DATA LBD DATA LLBD  DATA LBD  DATA
I T0o(I) 9  TRSO(I) 17  TRSI(I) 25 AS12(1)
2 FCO(I) 10 ARSO(I) 18  ARSI(I) 26  ANRP(I)
3 TI(I) | TRSSO(I) 19  TRKI(I) 27  AR23(I)
4  FCI(I) 12 ARSSO(1I) 20 ERKI(I) 28  ER23(1)
5 CUEO(I) I3 TRSTO(I) 21 ANRO(I) 29  ANSP(I)
6 CUEI(I) 14  ARSTO(I) 22 ARI2(I) 30 AS23(1I)
7 TWLO(I) I5  TRKO(I) 23 ERI2(I) '
8 TWLI(I) 16  ERKO(I) .24 ANSO(I)

’
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LBK(I)

LBN

LTI

LT2

MA

MR

NDAT

Dimension LBK(30)
Generated

Input data identification number for set I.

Input - Integer constant
Number of points in the immediately following set of data. Numerically
LBN is one more than the number of time period subdivisions for one

orbit of input data since the last point must be a repeat of the first
point.

Integer constant. Change Step | of subroutine TAPL before compiling.

Fortran number of read/write tape unit used for input data.

Integer constant. Change Step 2 of subroutine TAPL before compiling.

Fortran number of read/write tape unit used for output data.

Output - Integer

Integer denoting time interval number in orbit.

Output - Integer

Integer denoting number of orbits or cycles used to arrive at solution.

Generated

Output message identification for incorrect inputs.

$5-3028
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NSET

Input - Integer constant

Minimum number of slices per material layer to be used in calculations.
NSETR

Input - Integér constant

Maximum number of orbits or cycles used in program to check convergence.
NSETS

Input - Integer constant

Number of divergent cycles permitted before abandoning calculation.
NWALL

Input - Integer constant

Number of complete walls for which solution is desired. Maximum 20.
PROP(I)

Dimension PROP(5)
OQutput - Fixed point - FI10.5

Thermal property parameter for material in layer I.
RHO(I)

Dimension RHO(5)
Input - Fixed point - FI10.5 -~ 1b/cu ft.

Density of material in layer I.
SUMA

Generated

X - argument for interpolation routine
TAB(I)

Dimension TAB(402)

Generated |

One-dimensional array for interpolation of input values.

' AIRESEARCH MANUFACT §5-3028
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THCK(I)

Dimension THCK(5)
Input ~ Fixed point - F10.5 - inches

Thickness of material in_layer I.

TI(I)

Program Dimension TI(101)
Input Dimension DATA (LBN < 201)
Input - Fixed point - F10.5 ~ °F

Inside air temperature at time I. LBD = 3.

T™(I,J)

Dimension TM( 102, 4)
Generated

Temperature at line J, slice I.

To(1)

Program Dimension TO(101)
Input Dimension DATA (LBN = 201)
Input - Fixed point = FI10.5 - °F

Qutside air temperature at time I. LBD = |I.

TRKI(1)

Program Dimension TRKI(101)
Input Dimension DATA (LBN s 201)
Input - Fixed point - FI10.5 - °F

Inside radiant sink temperature at time 1. LBD = 9.

TRKO( I)

GARRIEYY,

Program Diménsion TRKO(I01)
Input Dimension DATA (LBN < 201)
Input - Fixed point - F10.5 ~ °F

Outside radiant sink temperature at time I. LBD = I5.

AIRESEARCH MANUFACTURING DIVISION §5-2038
Los Angeles, California P ag e 2 -2



TRSI(I)

Program Dimension TRSi(IOI

Input Dimension DATA (LBN < 201)

Input - Fixed point - FI10.5 - OF

Inside radiant source temperature at time I. LBD = 17.
TRSO(1I)

Program Dimension TRSO(101)

Input Dimension DATA (LBN < 201)

Input - Fixed point - F10.5 - °F

OQutside - first radiant source temperature at time I. LBD = 9.
TRSSO(I)

Program Dimension TRSSO( 101)

Input Dimension DATA (LBN < 201)

Input ~ Fixed point - FI10.5 - °F

Outside - second radiant source temperature at time I. LBD = |l.
TRSTO(I)

Program Dimension TRSTO(101)

Input Dimension DATA (LBN < 201)

Input ~ Fixed point - FI10.5 - °F

OQutside ~ third radiant source temperature at time I. LBD = 13.
TSUM(I)

Dimension TSUM(20)

Average DELT for orbit 1.
TTEM(I)

Dimension TTEM(100)

Generated

Temperature, from previous cycle, for slice - time parameter I.
TWLI(I)

Program Dimension TWLI(101)

Input Dimension DATA (LBN < 201)

_Input - Fixed point - FI10.5 - °F
Qutput - Fixed point - F7.2 - °F

Inside wall surface temperature at time 1. LBD = 8.
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TWLO(I)

Program Dimension TWLO(101)

Input Dimension DATA (LBN < 201)
Input - Fixed point - F10.5 - °F
Output - Fixed point - F7.2 - °F

Outside wall surface temperature at time I. LBD = 7.

X(1,J)

Dimension X(102,4)

Generated

X-axis location of line J of slice I, with slices sequentially numbered
from outside. Qutside conditions are slice |. First slice of first

material layer is slice 2.

XD(I,J,K)

Dimension XD(5,20,5)
Qutput - Fixed point - FI0.5 -~ Feet

X-axis location of line K of slice J of material layer I.

XbD12

Generated

Proportionality factor used in determining temperature at
between material layers | and 2, with [ outside.

XDD23

Generated

Proportional ity factor used in determining temperature at
between material layers 2 and 3.

XDD34

Generated

Proportionality factor used in determining temperature at
between material layers 3 and 4.

XDD45

Proportionality factor used in determining temperature at
between material layers 4 and 5.
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XKDX( 1)

Dimension XKDX(5) ‘
OQutput - Fixed point - FI0.5 ~ Feet

Offset distance for construction lines 2 and 4 for each slice of
material layer I.

i

XWI
Generated
Constructed X-axis location of inside wall surface.

XWo
Generated
Constructed X-axis location of‘outside wall surface.

Y
Generated
The interpolant in the interpolation subroutine.
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SECTION 3

ANALYSIS AND LOGIC

THEORETICAL BACKGROUND

The general differential equation expressing the rate of change of
temperature with respect to time at any point is, for unidirectional heat
flow,

ot _ k_ 9%t (1)
% - pc oxz

where t is temperature; ©, time; x, distance; k, thermal conductivity;
p, density; and c, specific heat at constant pressure.

To avoid the complexity inherent in analytical solutions of this equation
for many different boundary conditions, the computer program is based on the
graphical method of finite differences. The solution of this problem by means
of the method of finite differences is based upon work by E. Schmidt
(Reference 1), which has been extended by Nessi and Nisolle (Reference 2),
and reduced to practical application by Raber and Hutchinson (References 3, 4,
and 5). Consider a finite section of homogeneous wall, Ax of Figure |, across
which the temperature gradient at a particular time is given by the dashed
line. At that time, the gradient at each boundary is the tangent to the dashed
line at that point. Draw the tangent lines, establish a pair of construction
lines, Figure 2, at distance p = KAx on either side of the midplane of the
Ax section, and label the intersections a, b, and c. Extend ab to intersect
the right construction line at e, erect perpendicular bb*, and connect a and.
¢ with a straight line which intersects the midplane of the finite area at
point d.

The instantaneous rate of heat flow into the finite element from the
left is

NQ ,
q = Z@£ = =-kA %i-é -kA (slope ab) = + kA EBE (2)

and the corresponding rate of heat flow in from the right is

AQ
r At } b'c
= OurCmcmm I g e = < g o
q 5 kA : kA (slope bc) kA‘ 5 (3)
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The net heat gain of the element during the finite time interval, A9, is
equal to the sum of the heat entering from left and right. It also can be
expressed in terms of the change in mean temperature, At, which must occur
during the same time interval:

M, +0Q = KA (20) (—‘?-'f- + 9-;5-) = pc (At)(Ax) A (4)
or
b'e ., b'ec _ pc (Aat)(ax) +blc _ce (5)
P P k (28) P P
‘By similar triangles, bd = 1/2 ce or ce/p = 2(bd)/p and, by definition,

= K (&x); thus,

k (A8) = (Ax)

or, if pc/k = a

bd = 1/2 £S5 (at) (%g)i) K = At %;Kag’)‘ s (7)

Now, if a relationship is established among Ax, A6, and K so that

. E_Léﬁli = | (8)

2a JAYS)

then the mean temperature change of the element during the time interval, 4O
is represented by the distance bd. If the temperature gradient abc is known
at a particular time, the temperature at the midplane of the element A9 hours
later is directly determined by drawing line ac and finding the intersection
at point d on the midplane. Point d is the midplane temperature at the end

of the A6 interval.,
PRACTICAL APPLICATION TO HOMOGENEQUS WALLS

In practice, there are certain restrictions on the use of Equation (8):

l. The element of wall width, Ax, must be an aliquot of the actual
wall width.

2. The time interval, A9, must be an aliquot of the complete cycle
time.

3. The value of K must not exceed |, to avoid extrapolation of the
temperature gradient.

AIRESEARCH MANUFACTURING DIVISION $5-3028
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To simplify the graphical work, one may set K = |, select a value of Ax
small enough so that the second derivative of temperature across an element
will not be great, and calculate the required value of A8 needed to satisfy
Equation (8).

Since p now is equal to Ax, construction lines are eliminated, and a
solution is obtained utilizing only the finite section center lines. Thus,
an original problem, Figure 3, is actually solved by use of the lines shown
in Figure 4. The temperature at the midplane of a finite section, A9 hours
after a known temperature gradient abc (Figure 4), is determined by drawing
a straight line connecting the intersections of the original temperature gradi-
ent at the midplanes of the sections to the right and left of the one for
which the temperature is to be determined. Thus, temperature b becomes b°*
after A6 hours.

By similar means, temperatures c’ and d' are found. By using a fictitious
location for the outside and inside temperature points, the points a® and e”
are determined. The wall surface temperatures are determined from a-b and
d-e, respectively. The fictitious locations of the outside temperature points
are determined from the fractions kw/hi and kw/ho’ in which kw is wall con-

ductivity and h0 and hi are the outside and inside film coefficients. The

fraction has the dimensions of feet and therefore represents a specific
distance from the outside or inside wall surface. '

Figure 5 shows the same wall as Figure 4, after another A® time interval,
If the outside temperature is varying, as with a typical satellite heating or
cooling problem, then the construction can be carried on for a complete orbit
or cycle. This first cycle will be crude, but succeeding cycles will more
closely approach the true condition so that after three or four cycles an
approximation will be reached that will be acceptable for most engineering
purposes.

APPLICATION TO COMPOSITE WALLS

A more complex analysis is required for solution of periodic thermal loads
in composite walls. A composite wall is defined here as one composed of up
to five different materials, each with its own dimensions and physical proper-
ties. One material may be an air space or a vacuum space., Provision is made
for radiant heat interchange in the air space, in the vacuum space, and to
and/or from each external surface. To avoid abrupt changes in the slope of
the temperature gradient at interfaces between sections of different materials,
an equivalent wall is set up having uniform conductivity throughout. This
requires modification of Equation (8); thus,

K (Ax)?
00 > (9)
The total equivalent width of each homogeneous section of the composite wall
will be ke wa/ka’ where ke is the uniform conductivity of the fictitious wall,
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ka the true conductivity of section a, which has width W . If the arbitrary
term, ke’ is taken as unity, the equivalent total width of section a becomes

wa/ka, and the equivalent width, Ax', of the finite element Ax of section a is

At o= X or Ax = k. AX (10)
k a .
a

If a and Ax are substituted for in Equation (9),

K (k, &x')? s
NS = -——E—E;——"* = 1/2 pc ka_K (&xt) (1)

pc

Equation (11) is the basis of the analysis of composite walls.

The graphical solutions of References 1, 2, 3, 4, and 5 were originally
applicable to ordinary house construction. However, if applied to metal walls
exposed to sunlight, where the wall may be hotter than the air, graphical
solution becomes more difficult since the slopes of the lines are so great.
The steep slopes are not a problem with a digital computer program because of
its ability to handle numbers of widely varying magnitudes.

Computer Program for Composite Walls

The computer program can be logically divided into two parts. The first
part, based on Equation (l!), starts with the known physical characteristics
of the wall, including the thickness, density, specific heat, and conductivity
of each material, and (l) designs an equivalent wall of k = |, and (2)
determines appropriate values of Ax for each material, and of A9 for the wall
solution.

The second part of the program utilizes the external temperature conditions
applicable to each side of the wall, varied as a function of time, and the
radiation, conduction, and convection (or total Q) applicable to each wall
surface, together with the results of the first part of the program. Successive
solutions are obtained, for each reference line at each 6, with the entire
orbital cycle being repeated as often as needed to secure the desired
repeatability, within a specified AT.

The flow chart for the computer program logic is shown in Figure 6, Page
4-2. The first portion of the program reads in constants and dimensions apply-
ing to the first wall to be analyzed. If one layer is a vacuum, artificial
dimensions are set up for that layer. The program then solves Equation (I1)
for each layer in the wall. This equation, written in terms of the nomencla-
ture used in the FORTRAN program, will be, with K = |

DTHN = 0.5kRHO*%CSUBP*COND*( THCK/( 12%COND) ) 442 (12)
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To simplify,

et

PROP = OoS*RHO*CSUBP#COND (13)
DXN = ((THCK/(12.%COND))**2)/A127 (14)
where Al27 = the number of slices into which the wall material is to be

divided for purposes of analysis. The minimum value of Al27
is the input constant, NSET, and the maximum value is 20.

The program equation then is
DTHN. = PROP*#DXN¥#2 (15)

Equation (15) is applied to each of the wall materials separately, with
the number of slices in each wall being separately increased until the value
of DTHN for each wall is such as to keep the number of time intervals per
orbit within the limits ITPMAX and ITPMIN. In some cases, the solution may
ride the limit. The number of tests or time intervals per orbit, JTPR, will
be the highest integer applicable to any one layer and it will be used for
all layers and for the output data. This is essentially equivalent to saying
that the value of K; Equation (11), will be | for at least one material and
less than | for all other materials. This procedure lends validity to the
original assumption of a conductivity of .0 in all walls.

Further correlation between walls of different materials is obtained by
use of the construction line offset distance, XKDX, in accordance with the
equation

XKDX = DTHM/( PROPHDXN)
where DTHM = minimum value of DTHN for any layer.

The program next goes to subroutine DATAA, which reads in all imposed
thermal conditions, including air temperatures, film transfer coefficients,
quantity values in Btu, absorptivities and emissivities, transmissivities
and reflectivities, radiant source and sink temperature, and wall temperatures,
as required. Each set of input data, with respect to each item, must represent
values evenly spaced, in time, for one complete orbit or cycle, with
the first point repeated as the last point. The numbers of points in the dif-
ferent types of data need not be the same. The program uses a Lagrangian in-
terpolation process to translate the data from the given number of values per
orbit to JTPR number of values per orbit. It also performs other opera-
tions; for example, all radiant temperatures are transformed into 10° % times
the 4th power of the absolute temperature before the values are stored in the
core.

Subroutine DISTX computes all the dimensions in the x direction to cor=-
respond with the vaiues of DXN and XKDX set up earlier for each slice of each
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material. The outside surface of the first material is assigned a value of
10.0 feet, to avoid negative numbers. An example wall is shown in Figure 7,
Page 4-3, which gives the original physical characteristics of each of the
three materials forming the wall. Using the assumption that the conductivity
of the entire wall is to be 1.0 Btu per hour per sq ft per deg F per ft, the
program determines the following values for use in the theoretical wall:

STARTING NEW PROBLEM,WALL NO = 1

YER SLICES “DXN T DX " DTHN PROP T XKDX

2 2 1.04167 2.08333 0.08355 0.071700 1.04167

For the given orbit period of 2.4 hours, the program divides the first
material layer into 3 slices and the second and third layers into 2 slices
each. Since the smallest time interval computed, DTHN, is that corresponding
to layer 2, for which it is 0.08355 hours, there will be 2.4/0.08355 or 29
time intervals per orbit. All input data will be interpolated to 29 time
intervals and the output will show 29 intervals per orbit. The actual dis-

" tances set up by the program will be:

LAYER 1 SUICE NUMBER 1

QUTSIDE = 10.00000  LEFT CONST = 9.81776  MIDPOINT = 10.27006  RIGHT CONST = 10.72236  INSIDE = 10.54012
LAYER 1 SLICE NUMBER 2 .
TOUTSIDE = 10.54012 ~ LEFT CONST = 10.35788 - MIOPOINT = "10.81018  RIGHT CONST = [1.26249  INSIDE = 11.080%5
LAYER 1 SLICE NUMBER 3 : e A P T : e
OUTSIDE = 11.08025 ~ LEFT CONST = 10.80800  WIGPOINT = 11.35031  RIGHT CONST = 11.80261  INSIDE = 11.62037
LAYER 2 SUICE NUMBER 1 ’ .
OUTSIDE = 11.62037  LEFT CONST = 11.09954  WIDPOINT = 12.14120  RIGHT CONST = 13.18287 INSIDE = ~12.66204
CLAYER. 2 USLIGE RUMBER 2 oo e LSS iAS cne T e e T T e ' :
OUTSIDE = 12.662C4 ~ LEFT CONST = 12.14120°  MIDPGINT = 13.18287  RIGHAT CONST = 14.22453  INSIDE = 13.70370
LAYER 3 SLICE NUMBER 1

UUTSIDE = 13.70370 LEFT CONST = .13.43242 ~ MIDPUINT = "14.00370 " RIGHT CONST = 14.57499 . INSIDE = 14,.30370

LAYER 3 SLICE NUMBER 2 L st BT S Dhgt L R B ™ O LR
OUTSIDE = 14.30370. LEFT CONST = 14.03242 MIDPOINT = 14.60370 RIGHT CONST = 15.17499  INSIOE = 14.90370

All of these lines, and their program .identifications, are shown in
Figure 8, Page 4-4. This figure also shows an Outside Source line, X(1,3),
one foot from the outside surface, and an Inside Source line, X(9,3), located
one foot from the inside surface. Since the assumption of unity for the con-
ductivity is applied beyond the wall as well as within the wall, the use of
these "source” lines allows the temperature scale, shown as the Y dimension
in Figure 8, to be used also as a Btu scale. Thus all inputs, whether in the
form of an air temperature and film coefficient, a wall surface temperature,
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a gross Btu input, or a radiant heat input, are first converted by the pro-
gram to equivalent Btu acting at the respective “source" line. They are then
added, algebraically, and the resulting departure from the wall surface tem-
perature acts, for the purposes of computation, exactly as a source at numeri-
cally the same temperature. '

‘ This is more clearly shown in Figure 9, Page 4-5, where various types of

loads and the mathematical procedure used in their computation are shown on
the two sides of the wall. At the extreme left of this figure is shown a
scale of Radiant Source or Sink Temperature, °F which indicates the relative
effect of source and sink and wall temperature for radiative interchange,
assuming an absorptivity and an emissivity of 1.

Figure 9 also shows the complete geometric construction for three steps
of an example problem. The computer equations produce the same results as
the graphical procedure. The assumed original distribution of temperature
is that of line |, running from an outside source temperature of 250°F to an
inside source temperature of 50°% (an exaggerated situation has been used to
keep the lines separated). After the passage of a time interval DTHN, it is
assumed that the new source temperatures will be 300°% and 30°F, respectivel y.
By use of the construction lines 4 and these new source temperatures, a new
temperature distribution line 2 is obtained. Note that the construction lines
connect intersections of the previous temperature distribution 1ine with the
pairs of verticals X(n,2) and X(n,4). The intersections of the construction
lines with the respective verticals X(n,3) determine the inflection points of
the new-temperature distribution line. The prccess is repeated, using source
temperatures of 350%F and IOOF, together with construction lines 5 to deter-
mine the temperature distribution line 3 after a second DTHN time interval.
Note that it is sometimes necessary to extrapolate certain segments of lines
| and 2 to obtain correct starting points for the construction }ines 4 and 5.

The procedure described in the previous paragraph is repeated until all
time intervals for the first orbit bhave been computed. At the same time, a
matrix of answers, consisting of up to 10 time intervals and up to 10 slices,
is stored in the core for comparison on the next orbit. The program then
computes all the temperatures for a second, repeat, orbit. For each tempera-
ture which was stored on the previous orbit, comparison is made and the dif-
ference is added to a "sum of the differences.” The stored temperature is
replaced by the ‘'new temperature and the computation proceeds. At the end of
the orbit or cycle the average absolute difference is determined from the
sum of the differences and compared with the input value DELT. If the average
is greater than DELT, another cycle and another comparison are made. If the
average is less than or equal to DELT, the program goes through one more cycle,
without comparison, and prints out the answers for each time period and for
all surfaces and interfaces. This portion of the program also contains a
check for diverging answers. If the "average” defined above, increases more
than NSETS times, a "failure to converge” message will be printed, together
with pertinent results. Also if the average does not become less than or
equal to DELT in NSETR cycles, a similar procedure is followed.

AIRESEARCH MANUFACTURING DIVISION $5-3028
Los Angeles, California

Page 3-8




VACUUM LAYER

If one layer of material is a vacuum, the program makes allowance for
this by subroutine DISVAC, which computes DXN, the theoretical thickness of
the vacuum slice, for each time period in each orbit. The value of DXN is
the thickness of a wall of unit conductivity which passes the number of Btu
per sq ft which flows across the vacuum layer under the influence of the
existing surface temperatures facing that layer. Due allowance is made for
the absorptivity and emissivity of each of the boundary surfaces.

TRANSPARENT LAYERS

The computation of transparent layers is carried on in subroutine TEMTRN
as follows:

Total radiant input from outside.
CUE('3)

Total infrared heat input.
QR = CUE(3)*ERI2(M)

Infrared reflected at first surface of first layer. Subtracted
from total.
QR¥*ARI2( M)

Infrared absorbed at first surface of first layer. Subtracted
from total. This was computed as part of load CUE(9) in subroutine
TEMPER.

QR¥ARSO(M)/. 173

Net infrared entering first transparent layer.
QR*FRI
where FRI = [.-ARI2(M)-ARSO(M)/.173

Infrared absorbed within the first layer. Proportion added to
the input temperature to the first slice of the first layer.
QR¥*(FRI-FRI2)
where FRI2 = (FRI%*FR2)°-5
CUE(9) = CUE(9)+QR¥*(FRI-FRI2)

Infrared absorbed within the first layer. Proportion added
to the centerline temperature of the last slice of the first
layer.

CRI2 = QR*(FRI2-FR2)
TM(LW12,3) = TM(LW12,3)+.5(DXN( |)+DXN(2))*CRI2

§5-3028
AIRESEARCH MANUFACTURING DIVISION Page 3-9
Los Angeles, California




y
T

Net infrared energy leaving first layer.
QRT = QR¥FR2
By definition of FRZ

At this point there are four possibilities, only one of which
will apply to a single case:

I. If the wall consists of only one transparent layer, then
the infrared energy leaving that layer (wall) will be
QRT = QR¥*FR2

2. If the second layer is transparent to infrared then the
infrared energy entering the second layer will be reduced
by reflection at the interface between layers | and 2.
QR¥*FR21
where FR21 = FR2¥(1.-AR23(M))

3. If the second layer is a vacuum, the infrared energy
entering the third layer will be
QR*FR2*AVAC I

4. If the second layer is opaque to infrared, the centerline
temperature of the first slice of the second layer is
adjusted to account for absorption of this energy

TM(LWI12+1,3) = TM(LWI2+1,3)+QR¥*FR2

Infrared absorbed within the second layer. Proportion added
to the centerline temperature of the first slice of the second
layer. Proportion added to the centerline temperature of the
last slice of the second layer.

Calculations analogous to those for the first layer. If
second layer is a vacuum, these are applied to the third
layer.

Net infrared leaving second layer (or third layer)
QRT = QR¥FR3*FR2 *
By definition of FR3 and FR2

If the next layer is opaque to infrared, the centerline temperature
of the first slice of that layer is adjusted to account for absorp-
tion of this energy as before.

Total solar (visible) energy input
QS = CUE(3)%*(1.-ERI2(M))

Solar (visible) reflected at first surface of first layer. Sub-
tracted from total.
QS*AS 12( M)

§5-3028
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Solar (visible) absorbed at first surface of first layer. Sub-
tracted from total. This was computed as part of load CUE(8) in
subroutine TEMPER .

QS*ARSSO(M) /. 173

Net solar (visible) entering first transparent layer.
QS*FSI
where FSI = |.-AS12(M)=-ARSSO(M)/. |73

Solar (visible) absorbed within the first layer. Proportion
added to the input temperature to the first slice of the first
layer.
QS*(FSI1-FS12) :
where FS12 = (FSI%F$2)9.5
CUE(8) = CUE(8)+QS*(FSI-FSi2)

Solar (visible) absorbed within the first layer. Proportion
added to the centerline temperature of the last slice of the
first layer.

CS12 = QS*(FSI2-FS2)

TM(LW12,3) = TM(LWI12,3)+.5%(DXN( I)+DXN(2))*CSI2

Net solar (visible) energy leaving first layer.
QST = QS¥*FS2
By definition of FS2

At this point there are four possibilities, only one of which
will apply to a single case.

l. If the wall consists of only one transparent layer, then
the solar (visible) energy leaving that layer (wall) will
be '

QST = QS*FS2

2. If the second layer is transparent to solar (visible)
then the solar (visible) energy entering the second
layer will be reduced by reflection at the interface
between layers | and 2.

QS*FS2 1
where FS21 = FS2%(.1-AS23(M))

3. If the second layer is a vacuum, the solar (visible)
energy entering the third layer will be
QS*Fs2|

4. If the second layer is opaque to solar (visible), the
centerline temperature of the first slice of the second
. layer is adjusted to account for absorption of this energy.
TM(LWI2+1,3) = TM(LWI2+1,3) +QS*FS2

$5-3028
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Solar (visible) absorbed within the second layer. Proportions
added to the centerline temperature of the first slice of the
second layer. Proportion added to the centerline temperature
of the last slice of the second layer.

Calculations analogous to those for the first layer. If
second layer is a vacuum, these are applied to the third
layer.

Net solar (visible) leaving second layer (or third layer).
QST = QS*FS3*FS2
By definition of FS3 and F$2

If the next layer is opaque to solar (visible) the centerline
temperature of the first slice of that layer is adjusted to
account for absorption of this energy as before.
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S,

READ CONTROL DIGITS PERTAINING TO ALL WALLS. ]

@ >

v

FOR ONE SET OF INPUT DATA (IMPOSED THERMAL CONDITIONS) READ IN:
TYPE OF DATA, LBD, NUMBER OF POINTS IN DATA TABLE, LBN, AND NUMBER
OF POINTS TO BE USED IN INTERPOLATION, KL.

READ IN ONE SET OF DATA POINTS IN CHAONOLOGICAL ORDER.
FOR EACH DATA POINT. A TIME, HRSOBT/LBN.
TO COMPUTED NUMBER OF TIME INTERVALS:

v

GENERATE Tinmg
; DETERMINE TIME CORRESPORDING
A" TIME = BMRSUBT/JTPR.

READ CONTROL DIGITS APPLYING TO ONE WALL.
READ CONSTANTS {DIMENSIONS) FOR ONE WALL.

v

INTERPOLATE. DATA FROM GIVEN TIMES, SEPARATED 8Y TIME XNTEﬁVALS
A TIME, TO COMPUTED TIMES, SEPARATED BY TIME INTERVALS a' Tims.

[ WRITE QUTPUT TAPE INDICATING STARY OF NEW WALL -CALCULATIONS. l

[ COMPUTE MAXIMUM AND MINIMUM TIME INTERVALS CALLED FOR BY INPUT CONTROLS. J

i

SET UP ARTIFICIAL
OIMENSIONS FOR
VACUUY, LAYER.

4

FOR EACH LAYER, 1S5 THIS, LAYER A VACUUM?

COMPUTE THERMAL DIFFUSIVITY FUNCTION AND CONSTRUCTED MATERIAL THICKNESS
FOR EACH MATERIAL "LAYER.

FOR EACH MATERIAL LAYER, SET UP MINIMUM NUMBER OF SLICES CALLED FOR BY
INPUT

INCREASE NUMBER [
OF SLICES BY 1.

A

1 COMPUTE RESULTING TIME INTERVAL, DTHN{I), FOR LAYER I. ]

IS NUMBER OF SLICES OF MATERIAL
LAYER I EQUAL TO INPUT MAXIMUM?

A
IS TIME INTERVAL DTHN(I) FOR MATERIAL I
GREATER THAN ESTABLISHED MINIMUM? i
l SET TIME INTERVAL FOR MATERIAL I EQUAL TO INPUT MINIMUM ]
3
IS TIME INTERVAL DTHN(I) FOR MATERIAL I

YES
GREATER THAN ESTABLISHED MAXIMUM? :

NO

DOES MATERIAL LAYER I REQUIRE THE
MINIMUM VALUE OF DTHN?

SET DTHMIN EQUAL TO DTHN(I}.

STORE NUMBER OF SLICES ‘IN EACH LAYER, IL(I).
COMPUTE SUICE WIDTH, DXN{I), AND CONSTRUCTION LINE OFFSETS; XKOX(I), FOR
EACH MATERIAL. i
COMPUTE NUMBER OF TIME INTERVALS PER ORBIT TO BE USED IN CALCULATIONS
JTPR = HRSOBT/DTHMIN

v

PRINT NUMBER OF TIME INTERVALS PER ORBIT.
PRINT CONSTRUCTED DIMENSIONS FOR ALL WALL MATERIALS.

{ >

\
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SELECT EQUATION. CORRESPONDING - TO TYPE OF DATA, LBD.
MODIFY DATA AS REQUIRED BY EQUATION AND STORE IN' CORE.

HAS ALL DATA BEEN READ IN- FOR THIS WALL?

[ YEs

COMPUTE ALL X-AXIS DISTANCES AND PROPOKTIONS. DETERMINE X-Axis
LOCATIONS, RELATIVE TO OUTSIDE SURFACE, OF 5 LINES PER SLILE,
IDENTIFIED AS TO LAYER AND SLICE, XB{1,J,K).

DETERMINE X-AXIS LOCATIONS OF WALL SURFACE INTERFALES, XDI2,gTC.,
AND DETERMINE PROPORTIONS DDI2 ETC- !

¥

PRINT ALL XD{I,4,K} VALUES.

v

CHANGE IDENTIFICATION OF X~AXIS DISTANCES FROM THREE-DIMENSIONAL
ARRAY XD('1,4,K) TO TWO-DIMENSIONAL ARRAY X(IWB, KK) IN WHICH THE
SPACE OUTSIDE THE OUTER SURFACE IS THE FIRST SLICE AND THE MATERIAL
SLICES ARE ARRANGED IN SEQUENCE WITH THE SPACE INSIDE THE INNER
SURFACE OF THE LAST SLICE, IWD.

COMPUTE PROPORTIONS DD(1,1) ETC. TO BE USED IN TEMCAL.

v

SET UP AND COUNT INDEX N1 - N® INC. TO DETERMINE TYPES OF INPYT
DATA GIVEN. .

—

|

ARE THERE VAIID HEAT
LOADS OR EQUIVALENT INFORMATION FOR BOTH
OUTSIDE AND INSIDE SURFACES?

PRINT ERROR MESSAGE
DUMP_CORE. STOP.

IS THE HEAT LOAD INFORMATION
COMPLETE AND CONSISTENT?

YES

! SET UP INDEX NUMBERS TO BE USED AS INSTRUCTIONS FOR PROGRAM
OPERATION IN ITERATIVE PROCEDURES.

INITIALIZE CENTERLIME TEMPERATURES FOR EACH SLICE AS EQUAL T0
THE INSIDE WALL TEMPERATURE BUT NOT LESS THAN 10°F FROM THE
QUTSIDE WALL TEMPERATURE-.

COMPUTE DIVISORS NEEDED TO MOST NEARLY SELECT TEN EVENLY SPACED
TIME INTERVALS, OUT OF JTPR INTERVALS AND TEN EVENLY DISTRIBUTED
SLICES AMONG (IWC-2)  SLICES.

V.
[ INITIALIZE FOR ONE COMPLETE ORBIT QR CYCLE.

X
INITIALIZE VALUES OF HEAT FLOW QUANTITY, CUE (N}, FOR EACH TYPE

OF LOAD, IN OR OUT, AS CALLED QUT BY ITERATIVE INSTRUCTION INDEX
NUMBERS.

IS ONE LAYER OF WALL A VACUUM?

PROGRAM FL!



IS THERE A TEMPERATURE DIFFERENCE
ACROSS THE VACUUM LAYER?

1S DIAGNOSTIC QUTPUT DESIRED?

e e b3

[ INITIALIZE A TEMPERATURE DIFFERENCE ACROSS THE VACUUM LAYER. B PRINT DIAGNOSTIE OUTPUT. ]
> ) 4
"7 4 %
COMPUTE SLICE WIDINS AND CONSTRUCTION LINE OFFSETS. FOR VACUUH . PRINT OUTSIDE SURFACE, INSIDE SURFACE AND INTERFACE
SLICE, BASED ON TEMPERATURES AND EFFECTIVE EMISSIVITIES OF WALLS TEMPERATURES.
DOUNDING VACUUM SLICE. PRINT HEAT FLOW RATE TO OUTSIDE SURFACE AND TO INSIDE
SURFACE .
M OF HEAT FLOW RATES FOR THIS ORBIT TO DATE.
RECONPUTE X-AXTS DISTAHCES AND PROPORTIONS 70 ALLOW FOR EFFECT PRINT SU 3 IY
OF CURRENT DIMENSIONS OF VACUUM SLICE.
- . O
NO 3
- COMPUTE TOTAL HEAT FLOW 70 OUTSIDE AND INSIDE WALL SURFACE, Is THE CURRENT ORBIT COMPLETE?
OUTSIDE AND INSIDE WALL SURFACE TEMPERATURES, AND CONSTRUCTION
TEMPERATURES ONE FOOT FROM OUTSIDE AND INSIDE SURFACES.
' IVEs
IS OUTSIDE, FIRST, LAYER TRANSPARENT TO WAS THE PREVIOUS ORBIT (CYCLE) OF YES
VISIBLE AND/OR INFRARED RADIATION? THE DESIRED ACCURACY?
-
& TVES TNe
COMPUTE CHANGE IN INTERFACE TEMPERATURE BETWEEN MATERIAL LAYERS
Y 1 AND 2 (OR INSIDE WALL TEMPERATURE IF ONLY ONE LAYER) DUE TO
SOLAR AND INFRARED RADIATION TRANSMITTED THROUGH LAYVER 1. HAS THE SOLUTION BEEN TRIED NSETR YES
-~ TIMES, THE MAXIMUM PERMISSIBLE?
A ©
ARE SUBSEQUENT LAYERS TRANSPARENT TO Y
VISIBLE AND/OR INFRARED RADIATION?
L YES IS THE ABSOLUTE VALUE OF THE AVERAGE POSITIVE vesh
: ? T
\ 4 COMPUTE CHANGE IN INTERFACE TEMPERATURES BETWEEN MATERIAL mgﬂgugeﬁégi‘fwﬁﬁ’;ﬁ“‘?ﬁ‘ékﬁagi‘éé‘o‘T{?{'érf' L.
LAYER PAIRS DUE TO SOLAR AND INFRARED RADIATION TRANSMITTED
THROUGH PREVIOUS LAYERS.
»)
NO
‘ COMPUTE CONSTRUCTION LINE TEMPERATURES AND CENTERLINE
TEMPERATURES FOR EACH SLICE IN WALL.
TS THE ABSOLUTE VALUE OF THE AVERAGE POSITIVE @
] AND NEGATIVE TEMPERATURE DEVIATIONS WITH NO
BIT GREATER THAN BEFORE, I.E.
WAS A SOLUTION OF THE DESIRED ACCURACY T RIS R vUvaot DiveRaINe? o
OBTAINED ON PREVIOUS ORBIT?
] [VES
1S THE CURRENT TIME PERIOD ONE OF THE 10 HAS SOLUTION DIVERGED NSETS TIMES? No
FOR WHICH RESULTS ARE TO BE COMPARED WITH
. THE PREVIOUS ORBIT?
) ES
COMPUTE FOR 10 SELECTED SLICES THE DIFFERENCE BETWEEN THE CURRENT CENTER- PRINT FESSAGE — FAILS T0 CONVERGE:
LINE TEMPERATURE AND THE PREVIOUS CENTERLINE TEMPERATURE FOR THE SAME PRINT ALL PERTINENT RESULTS.
A SLICE AND THE SAME TIME IN ORBIT. CALL THIS DIFFERENCE TTEST.
] POSITIVE HAT IS VALUE OF TTEST? VE IS DIAGNOSTIC OUTPUT DESIRED?
: I 4 X
INCREMENT TSUMP ZERO erenent o ] Y y YES
— BY AMOUNT TTEST Y BY AMOUNT TTEST l CORE: DUMP.  STOP. ]
e i -®
.
STORE THE CURRENT CENTERLINE TEMPERATURES OF THE TER SELECTED SLICES
FOR COMPARISON ON NEXT ORBIT. HAVE RESULTS BEEN OBTAINED
‘ FOR ALL DESIRED WALLS?
® Figure 6
FLOW CHART Page 4-2
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OUTSIDE —>
SURFACE

//_\

First Layer
E——— THCK(1) —>

1.75 in.

COND(1) = .09
CSUBP(1) = .40

RHO(1) = 19.

— ]

Figure 7. Gi

Second Layer Third Layer
<—— THCK(2) —>K THCK(3) ——=¥—INSIDE
SURFACE
1.0 in. 3.6 in.
COND(2) = .04 COND(3) = .25
CSUBP(2) = .175| CSUBP(3) = .078
RHO(2) = 22. RHO(3) = 25.
/—-‘\_/
ven Wall Dimensions and Thermal
Characteristics Used in Sample Problem
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SECTION 5

FORMATS FOR INPUT AND QUTPUT

INPUT DATA

CARD NO. | - FORMAT 2I5
NWALL, JDI

NWALL

Number of walls, maximum 20.

JbI
0 = No diagnostic output
| = Diagnostic output
CARD NO. 2 FORMAT 1415

IWALL, IDATA, IW, ITPMAX, ITPMIN, NSET, NSETR, NSETS, ITRN, IVAC

IWALL

Identifying number for each wall. Must start with | and go in
sequence to NWALL. . ‘

IDATA
Input -~ Integer constant

Number of time-dependent input variables for which data sets are
provided. See also DATA(I).

Iw

Input - Integer constant

Number of material layers in wall. Maximum 5.
ITPMAX

Input - Integer constant

Maximum number of time intervals per orbit to be used in solution.
Maximum is 100.

$5-3028
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NSET

NSETS

ITRN

IVAC

ITPMIN

Input - Integer constant

Minimum number of time intervals per orbit to be used in solution.

Input - Integer constant

Minimum number of slices per material layer to be used in
calculations.

NSETR

Input - Integer constant

Maximum number of orbits or cycles used in program to check convergence.

Input - Integer constant

Integer identifying wall for which solution is desired.

Input - Integer constant

Constant indicating whether material layers are transparent to incoming

radiation, either infrared or visible or both.

ITRN = 0 No layer transparent

ITRN = | First, outside, layer transparent

ITRN = 2 First and second layers transparent

ITRN = 3 First and third layers transparent; second layer vacuum.

Input - Integer constant
Constant indicating that one material layer of wall is a vacuum space.

"IVAC = | No vacuum space

IVAC = 2 Second layer is vacuum
IVAC = 3 Third layer is vacuum

IVAC = 4 Fourth layer is vacuum

It

There will be NWALL No. 2 cards, each placed at the head of the set of
data for its wall. '

$§-3028
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CARD NO. 3 FORMAT 7F10.
HRSOBT, DELT, AVACI, AVACO -
HRSQBT

Inpqt -vFixed point.- F10.5 - Hours

‘Time required for one orbit or cycle.

DELT |

Input - Fixed point - Fi0.5 - °F

Temperature difference used in test for convergence.
AVACI

Input - Fixed point - FI0.5 - Decimal percent

Absorptivity of insideward wall surface facing vacuum layer.
AVACO

Input -~ Fixed point -~ FI0.5 - Decimal percent

Absorptivity of outsideward wall surface facing vacuum layer. -

There will be one card No. 3 for each wall, following the card No. 2
for that wall.

- Z‘O 0
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CARD NO. 4 FORMAT 10X, 4F10.5
COND(I), CSUBP(I), RHO(I), THCK(I) S
COND(I)

Dimension COND(5)
Input - Fixed point - FI0.5 - Btu/hr/sq ft per °F/ft

Conductivity of material in layer I.
CSUBP(I)

Dimension CSUBP(5)
Input - Fixed point - F10.5 - Btu/1b/°F

Specific heat of material in layer I.
RHO(I)

Dimension RHO(5)
Input - Fixed point - FI10.5 - 1b/cu ft.

Density of material in layer I.
THCK(I)

Dimension THCK(5)
Input - Fixed point -~ F10.5 - inches

Thickness of material in layer I.

There will be one card No. 4 for each layer I of each wall. The cards
must be in the same order as the layers, with the card for the "outside"
layer first. If one layer is a vacuum, a blank card must be included at
the proper location.
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CARD NO. 5

LBD, LBN, KL

Input - Integer constant

Identity number of a set of data.
corresponding data symbols are:

LBD

9
10
1
2
I3
14
15
16

DATA

TRSO(I)
ARSO(I)
TRSSO(1I)
ARSSO(I)
TRSTO(I)
ARSTO(I)
TRKO(I)
ERKO(I)

Input ~ Integer constant

FORMAT 315

Values of this constant and

LBD

17
18
19
20
21
22
23
24

DATA

TRSI(I)
ARSI(I)
TRKI(I)
ERKI(I)
ANRO(I)
AR12(I)
ERI2(I)
ANSO(I)

LBD  DATA

25  ASI12(I)
26 ANRP(I)
27  AR23(I)
28  ER23(1I)
29  ANSP(I)
30  AS$23(I)

Number of points in the immediately following set of data.
LBN is one more than the number of time period subdivisions for one
‘orbit of input data since the last point must be a repeat of the first

LBD
LBD DATA
| T0(I)
2 Fco(r)
3 TI(I)
4 FcI(1)
5 CUEO(TI)
6 CUEI({I)
7 TWLO(I)
8 TWLI(I)
LBN
point.
KL

Input - Integer constant

Numerically

Integer determining the number of points used in the interpolation.

Recommended value, 3.

Card No. 5 defines the next succeeding set of thermodynamic data.
There will be IDATA No. 5 cards, each placed at the head of a set of

thermodynamic data.
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CARD NO. 6 ’ N 'FORMAT 7F10.5
DATA(I), I = |, LBN

,DATA(I) is the input thermodynamic data for one cycle, at each time
interval I. The type of data is defined by the No. 5 card preceding
a set of one or more No. 6 cards. Up to 20! data points may be used,
seven to each card.

INPUT DATA LISTING

A typical input data listing for four different cases, with inserted
notes, is as follows. : :

# DATA
4 1
1 6 3 90 20 2 20 3 0 1 CCase |
2eb 1.0 Oe O» :
1 09 - 040 19. 1la75 Wall
2 004 e175 226 le a |
3 25 <078 254 3.6 roperties
1 7 3 OQutside Air Temperature : :
150 2006 ™ 250 300, 250, 200 150
| 2 7 3 Outside Air Film Coefficient
le l. le le 1. le le
3 7 3 Inside Air Temperatire
70 = 50 300 10. 30 .50 104
4 7 3 Inside Air Film Coefficient
e le lo le le le le
15 T 3 Outside Radiant Sink Temperature :
-504 40 ~30. ~20. =306 ~40e ~50
16 7 3 Outside Wall Emissivity Times Shape Factor of Sink
b o7 8 . 9 e8 o7 «b
2 4 3 50 20 2 10 3 0 1 Case 2
el : le0 Oe Oe
1 009 40 19, 175
2 ¢ 04 «175 22 le Wall
3 025 «078 25, 3.6 Properties
1 49 3 OQutside Air Temperature
17040 169.8 16943 16865 16763 165.,9 164.1
16242 160.0 1577 15562 15246 150+0 1474
144 .8 14244 14040 T37.8 13569 134.1 132.7
13165 1307 13042 13060 13062 1307 13145
13267 134,41 135.9 137.8 140.0 142.4 14448
1476 15040 15246 15542 15767 16040 16262
1641 165,.,9 16743 ) 16865 16943 169.8 170.0
2 7 3 Outside Air Film Coefficient :
1. R le - B ‘ 1l le 1o
: 3 T 3 Inside Air Temperature ~
70 506 30 10 30. 50 70
A 4 1 3 Inside Air Film Coefficient
le le - le le le ls le

AIRESEARCH MANUFACTURING DIVISION - $5-3028
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W W N -

704

x4

1.

1700
16242
144 .8
13165
13247
14744
16441

~
G ARRETT,
.

1.0
«09
04
25

50
1.

49 3
169.8
16040
14244
1307
134.1

150.0
16549

1.0

«09
e 04

025
50

le

49 3
169.8
16040
14244
13047
134,
150.0
16549

90 20 2 20 3 0
- Qe O

1 Case 3’

+40 19 175

175 22. 1. Wall

«078 - 25, 3.6 Froperties

Inside Air Temperature ,

30. 10, 30 50

Inside Air Film Coefficient

j S le le 1l

Rate of Heat Flow to Outside Surface

16943 16865 16743 16549

1577 155.2 152.6 150.0

1400 137.8 135,9 1341

130.2 130.0 1302 13067

1359 1378 1400 14204

15246 15562 1577 16040

16763 16845 169.3 169.8
90 20 2 20 3 0 1 case

O Oe

+40 19, le75

0175 22 le

«078 25 3.6 Properties

Inside Air Temperature

30 10 30e¢ 50

Inside Air Film Coefficient

la le le le

Outside Wall Surface Temperature

16943 16845 16743 165.9

15747 15542 152.6 150.0

140,0 137.8 135.9 134.1

130.2 130.0 13062 13067

13549 137.8 14040 14244

15246 15542 1577 1600

16743 168.5 16943 169.8

AIRESEARCH MANUFACTURING DIVISION
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le

16441
1474

13267

1315
14448
162.2
17040

70
ls

164,41
14764
132.7
13165
14448
16242
17040
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OUTPUT AND SAMPLE PROBLEMS

The output form can be most eaéfly shown by presenting solutions to two
sample problems. : . . )

For the first problem, the second layer of a three-layer wall Is a vacuum.
The input data must include values for the absorptivities of the surfaces
facing the vacuum layer; in this sample, a value of 0.474 is used for each
surface. Physical properties of the second layer may be omitted. The
pertinent input data will be:

* DATA
2 0 ,
1 4 3 90 20 2 20 3 0 2
2e4 2.0 0474 0¢474  Problem | - Second Layer Vacuum
1 «09 040 19 l1¢75
2 Wall
3 «25 «078 25 3.6 Froperties
1 49 3 Qutside Air Temperature
170.0 169.8 169.3 16845 167.3 165.9 1641
16242 16060 1577 155.2 152.6 150.0 1474
14408 1424 14040 137.8 13549 134,.1 1327
13165 130.7 120,2 130.0 130.2 13047 131.5
132.7 13441 135.9 137.8 14040 14244 14448
1474 .150.0 152.6 15562 1577 16040 16262
16441 16549 1673 168¢5 16943 169.8 170.0
2 7 3. Qutside Air Film Coefficient
lkO 10 1. 1le lo ln le
3 7 3 Inside Air Temperature
70 50 30, 10 300 50 10
) 4 7 3 Inside Air Film Coefficient
le le . le le le 1o le

The output listing will show wall number and tests per orbit. This will
be followed by a list of the layers, number of slices per layer and pertinent
properties of each layer. 1In this example, the second layer is a vacuum so
it is shown as having only one slice, with an initial thickness of 10.0 feet.

STARTING NEW PRCBLEN,WALL NO = 1

e ey e e

JESTS PER GRELTV SET= 27

LAYER  "SLICES OXN_ DX _ DTN __  PRGP ' XKOX

1 3 £.54012  _ 1.62037 0.09977 0.34200 °  0.47504
2 1 16.00000 0.00000 0.00000 _  0.00000 ____5.00000
3 2 0.66000 .‘1.20000 0.0871715 N.24375 0.60000

The listing next gives the detail dimensions for each slice, using 10.0
feet for layer 2; slice | on the first trial and then correcting this thick-
‘ness to 16.70949~11.62037 = 5.08912 before performing the first calculation.
The results of the first calculation then follow with the identification of
Wall No. I, Orbit No. O, Time Period No. 1.

$5-3028
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CAYER 1 SLICE NUMBER 1
OUTSIDE = 10,00000 LEFTV CONST = 9.79502 _ MIDPOINY « 10.27CC6 _RIGHT CONST =  10,7431Q _ INSIDE =  10,54032

LAYER 1 SLICE NUMPER 2 . . )

OUTSIDE = 10.54032  LEFT CONSY = 10.3351%  MIOPOINT = 10.81€18 RIGHY CONST o 11,28522  INSIOE » 11,0802%3
LAYER 1 SLICE WUMBER 3 ' .

DUTSIDE = 11.08025  LEFY CONST »  10.87527  MIOPOINT « 11.35031 RIGHY CONSY » 11,82934  INSIDE = {1.62037
LAYER 2 . SLICE NUMBER 1 . :

OUTSIDE = 11.62037 LEFE CONSY = 11, 52031 _MIDPOINT = 16,62C37 _ RIGHT CONST = 21,62037__ INSIOE = 21,62037
LAYER 3 SLICE NUMRER - 1 *

OUTSIDG 2 20,6037  LEFT CONST.c 21,3201  MIOPOINI» 21,92C3T_ RIGHY CONST ® 22,2031 INSIDE ® 22.3201..

LAYER - 3 SLICE NUMBER 2
DUTSIOE » 22,22037  LEFT CONST =  21.92037  MIDPGINT = 22,32037  RIGHT CONSY = 23,12037  INSIDE »  22,82037

H

LAYER 1 SLICE NUMBER | ’
OUISIDE ». 10,00000 'LEFT CONST & ?f??!ﬂt»u,ﬂ‘DPﬂlﬁf * 10.27006  RIGHT CONST » 10474380  INSIDE » 10.54012
LAYER 1 SLICE NUMBER 2 . o

QUISIDE » 10754012 = LEFF CONST » 1033515  MIOPQINT = 10,81018  RIGHT CONST = 11,28522  [NSIDE = 11,08025 _
LAYER 1 SLICE NUMEBER 3 ’ !

(GUTSIDE = 11.08025 LEFT CONST » 10,8727  MIDPOINT = 11.33031 _RIGHT CONST = L1.82534 INSIDE s 11,62037

LAYER 2 SLICE AUMBER 1 ' :
QUISIDE = 11.62037 LEFT CONSY » 11.62037 RIDPOINT, = . 14,16493 RIGHT CONST = 16.70949 INSIDE = 16.70949
S e e e T D e e T T e R

LAYER ~ 3 ° SLICE NUMBER 1 ' ! : .
BUTSIOE » 1670947  LEFT COKST =  16.40949  MIOPOINT = 17,00949  RIGHT CONST = 17.50949  INSIOE = 17,30949

LAYER 3 SLICE MUMBER 2
DU'S!?S._'.' 1‘{- 30949 LEFT CONST = \_7.0(2_')}_‘!*‘_l'1}2F‘()H‘H:~ 17.60949  RIGHT CONST = 16.20949 INSIDE = 17.90949

MALL WO ORBIT NO 0 TIRE PERIOD NO | . - N N
7 " TENPERATURES “"OUTSINE SURFACE ™ INS1DE SURFACE ~INTERFACES ™ 26703 55T =85 [§ 9 88 " BI06™ 6500 "
- OUYSIDE AND INSIDE HEAT FLOW RATES AND TOTALS BTU/HR

e T T I ¥ R o ¢ TRRIIRRIREE & T T MR STDI':ZT’!‘“‘“ — Ad.on.,..,“.- . W T

‘The immediately following answers are printed for every third‘timé‘period,
to give ten answers per orbit until the system has reached a balance. The
next three answers are: ‘ -

WALL NO 1 ORBIT NO 0 TIME PERIOD ND 4 !

TEMPERATURES OUTSIDE SURFACE INSIDE SURFACE INTERFACES 71,83 26,57 21,34 14,37 0,00 0,00
TOUTSTOE AND INSTOE REAT FLOW RATES AND TGTALS BTU/HR " SR R
16,71 : . 21.9% 210612 12431 7 0,00 ¢ - o.oo

. : - ")
- £

_WALL NO 1 OREITNO__ O . TINE PERLOD NO . 1

TYEMPERATURES " OUTSITE SURFACE "INSIDE SUREACE ~INTEWEACES 83.45 30,98 33,60 26.60 0.00 0.00
OUTSIDE AND INSIDE HEAT FLOW RATES AND TOTALS BTU/HR
53,74 6.71 263,817 19,09 0.00 0.00

WALL NO LT gREBIT NG 0 TIME PERIOD NO 10 T i e
TEMPERATURES - OUTSIDE SURFACE INSIDE SURFACE INTERFACES  89.19 30,35 56,93 35,44 0,00 0,00
QUTSIOE ANC INSIDE HEAT FLOW RATES AND_TOTALS BTU/HR ' ' ; i

8,36 =419 302732 AR 5200 g 00

On the fourth orbit, the AT between orbits has become less than the speci~-
fied 2°F, so the program permits the complete answer for each time period.
Note that the Btu totals in the two right-hand columns start with this print=
out The output for the first four time periods is:

$5-3028
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LAYER 1 SLICE NUMBER | - S o
OUTSIQE = 10.00000  LEFT CONST s  9.79502__ WIDPOINY = _10.27006 _ RIGHT CONSY = _10.74510__ INSIDE = _ 40,54002

LAYER 1 SLICE NUMBER 2 . ) . '
OUISIDE = 1034012 LEFT CONST = 10.33515  MIDPOINT = 10,8118 RIGRT CONST = 11.28522 __ INSIOE = 11,08023

LAYER 1 SLICE NUMBER y . .

CUISIOE = _ 11,0825  LEFT CONST «  10.87327 _ MIOPOINT =  11.33031  RIGHT CONST = 11.82534 _ INSIOE = 11.62037 _

LAYER 2 SLICE "NUMBER i - - T
LOUISIDE = 11,62037 LEFY CONST » 1162037  MIOPDINT =  12.98304 _!‘ HT_CONST » 14,34372  INSIDE = 14,34572

LAYER 3 SLICE RUMBER i .
_OUISIDE = 1834872 LEFT CONST = 14,04572_ _MIDPOINT m_ 1484572 _ RIGHT CONST . 13,24572  INSIDE w . 14,94372

LAYER 3 SLICE WUMBER 2 . .
OUTSIOE = 14,94372  LEFT CONST = 1464572 _ MIOPOINY = 15,24512  RIGKT CONST = 15.84512 INSIDE = 1954572 _

i L BIT NO 4 YIME PERICD NO .
rmmwuﬂ OUTSTHE SURFREE TRS 1D SURFACE™ mienr&tés ROVAT 7T 8T 118.Y3 80,80 0.00 0,00
QUTSIDE AND INSIDE HEAT FLOW RATES AND TOTALS BTU/HR k

_.23.18 ~3.59 888,69 -210.92 23.16 -3.59

LAYER 1 SLICE NUMBER = I S

. OUTSIDE » 10,00000 LEFF CONST =  9.79502  MIOPOINY = 10,27006  RIGHT CONST = 10.74510  INSIDE = 10,34012
LAYER 3 SLICE NUMEER 2 :

. OUTSIDE » 10,54012 LEFT CONST ~ 10,33515  MIOPOINT + 10,81018 RIGHT CONSY = 11.28322 INSIOE = 11.08025
LAYER 1 SLICE NUMBER 3

JQUTSIDE = 11,08025 LEFT CONST = 10,87527  MIDPOINY = 11.335C31  RIGHT CONST = 11.82334  INSIDE = 11,62037
LAYER 2 SLICE NUMBER 1|

_OUISIDE = 11.62037 LEFT CONST = 11.62037  MIDPOINT = 12,96829  RIGHT CONST = 14,31620 _ INSIDE = 1431620
LAYER 3 SLICE NUMAER | ’

(OUTSIDE = 14031620 LEFY CONSY = 14.01620  MIDPOINT = 14.61620 RIGHT CONST = 15,21620  INSIDE = 14.91620

LAYER 3 SLICE NUMBER 2
__OUTSIDE = 14,91620 LEFT CONST = 14.61620  MIDPOINT = 15.21620  RIGHT CONST = 15.81620  [NSIDE = 15.51620

CWALL NG} ORBIT NO & TIME PERICD NO - I
TERPERATURES ™ DUTSIDE “SURFATE INSIOE SURFACE lmsrncss“‘rtru*‘ﬂ.ﬁ‘lll.‘ﬂ 67,46 580 T6.00
OUTSIDE AND INSIDE HEAT FLOW RATES AND TUTALS BTU/HR :

T 96T S Y} AT PET R § 1T S 44,45 ~11.68

(LAYER U SLICT NUMBER 1 :
oUTSInE = l‘d’ 00000 LEFT CONET =77779,719502 MIioPDINT = 10.27C0€  RIGHT CONST = 10.74510 . INSIDE » 10.54012
CLAYER 1 SUICE NUMEER 3 T R
DUTSIOE = "10,%4002 LEFT CONST =" 10.3351%  "MiDPOINT = 10.81Cis ~RIGHT CONST = 11.28522  INSIDE = 11.08028%
LAYER 1 SLICE NUMBER 73 o e _
OUTSIDE o 11708025 LEFT CONSt = 10.a7527  MIiGPuiNT = T1.33C31  RIGHT CONST = [1.82%34  [NSIDE = 11.62037
LAYER 2 SLICE NUMBER 1 S A
0UTSIDE Ti0820371 TLEFT CONST = 11.6 RIGHT CONST = 14,29291 INSIDE » 14.29291
_ _LAYER 3 SLICE NUMBER 1
COUISIDE W W% 29291 LEFT CONST = 13.99291  MIDPGINT » 1459291 RIGHT CONST » 15.19291  INSIDE = 14.89291
S AAVER 3 L. SLICE Bukaen 2 e e e e e £ e e e et e - e i nn
T outsio “14.66291 TTLEFT TONST =T 14089291 MIDPOINT = T 13.19291 ~ RIGHT CONST = 15.79291  INSIDE » 15,49291
-
WACCHO CREIT WO~ % TINE PEATOO NO 3 ; ; :
TEMPERATURES OUTSIDE SURFACE 1INSIDE SURFACE INTERFACES 141,05 70.71 115,13 83,62 0.00 0.00
e DUISIDE_AND INSIDE HEAT FLOW RATES_AND _TOTALS BIUJHR : :
19087 =% 7929.04 ~290.39 63,50 -23,06

_ SLICE NUMBER S . ) X
mﬂsibi:" 'moocmr LERY CCNST- 9.18502  WIOPOINT = 10.27C06  RIGHT CONST = T0. 74310 INSIDE = 10.%4012

LAYER * SLICE NUMBER ) .
" OUTSIDE = 'Tb.s«bll TLEFTTO ﬁ‘?""Io MlDPOiNT = 16.81018 RIGHT CONST = 11.28522 INSIDE = 11.0802%

LAYER SLICE NUMBER
T BOTSIDE = TWB?!Z!'_ LEFY TDEST'““‘W‘E”TI MITPOTNT = T1.35031  RTGHT CONST = [1.82%534  INSIOE = 11.82037

_LAYER 2 SLICE huMBerR 1 B I e . e
OUTSIDE ™ ™ 11762037777 LEFY cnnsr“"u.‘_azﬁ‘;?' TRIBPOINT T2 94856 TTRIGHT CONSY = 1AL 27664 INSIDE &7 14027684
LAYER 3 SLICE NUMBER '

TOUTSIOETE T HAL 27884 T LERY C(NST' s TUILHVEEA T NIGPOIRT =T YA S FEEL T TRIGRT CONST = T18.17684  INSIDE = T4.0766A

LAYER 3 SLICE NUMBER et e . i R
nu!sme = TRELBTEBAT T LEFT CGNST TTATBT884 T TRIOPBINY T 1817668 RIGHT TORST = TI5,7766% INSIDE = 15,4664

TTTTTTTTTRAIC R TTTTY CAB1T NG L) TIWEPERTOO NO &~ . T

TEMPERATURES OUTSICE SURFACE INSIDE SURFACE INTERFACES  140.50 69.50 116,00 84.12 0.00 0.00

OUTSIDE AND INSICE_ HEAT FLUW RATES AND TOTALS BTU/HR , i
1bedT 77 T el4.22 945,51 ~304.62 T TTTTUTTREGE T T T R T

{ . §5-3028
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It will be observed that the change in theoretical thickness of layer 2
has now become quite moderate. .In the four time periods above the thicknesses
‘are: 2.72535, 2.69583, 2.67254 and 2.65627 feet. The final temperatures and
heat flow rates for this orbit, time period No. 27, are

WALL NO i ORBIT ND 4 TINE PERIOD NO 27
TEMPERATURES OUTSIDE SURFACE INSIDE SURFACE INTERFACES  140.04 70,23 111,41 77.78 0,00  0.00
“~DUTSTOE AN INSIDE HEAT FLUW RATES AND TOYALS BYUZHR : ;
24,82 : 2,40 . 1231414 ~632.74 368,60 © ., ~365,4]

- It will be noted that the total of heat flow into the outside surface,
-365.60 Btu, and of heat flow from the inside surface to the inside air
(required cooling load) 365.41 are very nearly equal, indicating that the
solution is near to the real conditions.

For the second problem, the first two layers of a three-layer wall are
transparent, in part, to infrared and visible radiation. The input data is:

2 12 3 90 20 2 20 3 2 1
264 1.0 ) De Problem 2 - First and Second Layers
1 « 09 e 40 19, l1e75 Wall Ti’ansparent
2 o 04 «175 22e le .
3 e25 «078 254 3.6 rroperties
5 73 3 Rate of Heat Flow to Qutside Surface .
80, 69 92 129. 167, 204 65,
65 65 65 65, 65 65 65
654 65 65¢ 65 65 65 .65
65 654 65a 65 65 65 65,
65 65 65 65 65 .65 189.
152, 115, TTe 73 B4 e 96 107
-118. 128, 138, 147, 156 164. 171.
178 183, 188, 192 194, 196. 197
197 195, 193, 190, 186, 181, 148
1424 137 131 124 117, 109 101.
944 85 76
21 7 3 Infrared Transmissivity of Outside Layer
ok Y S o & o & 0l . ol ol
22 7 3 Infrared Reflectivity of Outside Burface
004 0 04 « 04 « 04 e 04 « 04 s 04
23 73 3 Proportion of Infrared in Incident Heat Flow
0950 +985 e925 2875 «850 ¢ 830 1.
1. 1. 1. le l. le le.
1. 1. 1. 1. 1. 1e le
le l. le le le le le
le 1. le le 1. le +835
«B855 +895 2960 2975 « 940 e 915 ¢ 905
«890 «875 ¢« 870 «855 «855 845 «850
« 845 «835 «835 «+830 «830 «830 «830
«830 +835 «835 «835 »835 835 «845
e 845 «850 e 855 «855 «870 «880 e 890
«915 0935 « 950
GA:;E'" AIRESEARCH MANUFACTURING DIVISION . §5-3028
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24 7 3 Visible Transmissivity of Outside Layer

9 " e9 9 9 ' «9 »9 9
25 T Visible Reflectivity of OQutside Surface

‘0526 7.05 3 .I?wfrared Tra‘n%r%issivity .o(%SSecond La'y?zgl2 »03

5 o5 5. 5 5 5 5
27 7 3 Infrared Reflectivity of Layer 1-2 Interface

o05 »05 «05 "~ «05 «05 *05 «05
29 7 3 Visible Transmissivity of Second Layer '

o8 8 8 «8 o8 8 8
30 7 3 Visible Transmissivity of Layer 1-2 Intefface

004 «04 « 04 «04 «04 004 «04
.3 7 3 Inside Air Temperature ,

704 50 30 10, 30 50 T0e

4 7 3 Inside Air Film Coefficient

This time, the number of tests per'orbit is set, by the program, at 29
“and the wall is divided into three slices for the first layer and two slices
each for the second and third layers. The first pqrtinggfmfhgmgutpuﬁ_is:

TTTTSVARYING WEW PRCBUENWALL RoTST T T T

. JESTS PER ORBAT SETx 20 e e o e et e
oo LRYER O SUICES | ORN DK DIWN L PRORRKDR — S
L 3 ..0.5A012  1,62037  0,09977 _ _ 0.34200 0:45230 _
e e R 100416 2,0833)  0.08335  0.07100 _  1,04167
1 2 LK "210_99 1.20000  0.08775 0.24373 9.37128

LAYER 1 SL1CE NUMBER

1
. QUISIDE = 30.00000  LEFT CONST = _ 9.81776  MIOPOINT = 10.27006  RIGHT CONST =

LAYER 1 SLICE NUMBER 2
__QUTSIDE = 10.54012 LEFT CONST = 10,35788 __ MIDPOINT = 10.81018 RIGHYT CONST = 11.26249 _ INSIDE = 11,08025
LAYER 1 SLICE NUMBER

_ DUTSIDE s  11,00025  LEFY CONST » 10.89800 _ MIDPOINT = 11.35031 Rl

10.72236  IN3I0E »  10,54012 |

I
T.CONST = 11.80261  INSIOE = 11.62037

LAYER 2 SLICE NUMBER 1
DUTSIDE = 11.62C37  LEFT CONST = 11.099%4 _ HIDPOINT = 12.14120  RIGHT COMST » 13.18287  INSIDE = 12.66204
LAYER 2 SLICE NUMEER 2 |

__DUTSIDE *_ 12.66204  LEFF CONSY =  12,14120 _ MIOPOINT = 13.18287  RIGHT CUNST =  14,22453  INSIOE = 13,70370
LAYER 3 SLICE NUMBER 1

__UDUTSIDE = 13.70370  LEFT CONST = 13.43242  MIDPOINT = 14.00370 RIGHT CONST =  14.57499  INSIDE = 14,30370
LAYER 3 SLICE NUMBER 2

- DUISIDE =

14,30370  LEFY CONSY = 14.03242  HIOPOINT »

complete output, for 29 time periods in one orbit, is:

AIRESEARCH MANUFACTURING DIVISION-

Los Angeles, Califorma

14.60370  RIGHYT CONST = 15,17499  INSIOE =+ 14.90370
In this case, ten complete orbits are required for an answer. The heat
flow totals are 4318.61 and 4306.57, which agree within 0.3 percent.

The
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HALL NO 2 0/81Y NO 10 TIME PERICD NO 1

TEMPERATURES OLTSICE SURFACE INSIDE SURFACE INTERFACES __980.T4 248.63 138, 5gm525 28 0,00 0.00
T oUTSYDE AND "INSIDE HEAT FioW RATES AND TOTALS B8TU/HR '
14149 -139.88 14101.56 ~12560.18 141,49 ~139,88

WALL NO 2 " ORBIT NO . 10 TIME PERIOD ND 2 . -

.. JERPERATURES OUYSICE SURFACE INSIDE SURFACE INTERFACES 1012.36 250,24 749,35 438.18  0.00 0.00

OUYSIOE "ARD T INSTOE RERT FUOW RATES AND TUTALS BTUZHA

264,47 -143.177 14366.03 -12103.9% 405,96 ~283.65

WALL NO 2 ORBIYT NO 10 TINE PERIOD NO 3 i . ’

TEPPERATURES OUTSICE SURFACE [NSIDE SURFACE INTERFACES  991.32 254,32 740,63 420,36 0,00 0,00

TOUYSIDE AND T INSUDE "REAY RLOW RATES AND TOTACS BTU/HR ™™ ’ :

87412 ~148.19 : 14453,15 -12852.14 493,08 . -431.85

HALL NO F] ORBIT NO 10 TIME PERIOD NO - 4. : s

TEMPERATURES OLTSIDE SURFACE INSIDE SURFACE INTERFACES  973.28 247,80 737.04 424.68  0.00 0.00

“OUTSTDE AND TNSTGE HEAY "FioW RATES ANG TOTALY BYU/RR

87.12 ~-154.51 14540,27 . ~13006.66 580.20 -586.36

WALL NO 2 ORBIT NO 10 TIME PERIOD NO 5 o : .
__TEMPERATURES OUTSICE SUHFACE INSIOE SURFACE INTERFACES 956,90 245.47 733,90 425.09  0.00 0.00

GUYSIDE ANDTINSIDE HEAT £LOW RATES AND TOTAUS BTUZHR 777 -

8r.12 ~152.69 14627.39 ~13159,34 667432 -739.0%

WALL NO  '2  ORBIT NO 1D TIME PERIOD NO 6 - . e
_VEMPERATURES OUTSICE SURFACE INSTOE SUREACE INTERFACES = 944,86 243.93 730.36 423,82  0.00 0,00
“TOUTSIDE AND TTNSTCE FEAT FLOW RATES ANGTCTALS BYU/HR

87.12 -154,08 14714.51 ~13313,42 T54.44 - -893,13

WALL NO 2 ORDIT NO_ 10 __ TIME PERIOD NO___ 1

TEMPFERATURES  OUTSTOE SURFACE INSIDE SURFACE  [NTERFACES 935,38 241,81 126.14 421.93  0.00 0,00

OUTSIDE AND INSIDE HEAT FLOW RATES ANO TCTALS BTU/HMR - :

. Br.12 ~156.07 14801.63 ~13469.49 841456 _=1049,20
__MWALL NO 2 ORBIT NO 10 TIME PERION_NO 8

TEMFERATURES ™ OQUTSTDE SURFACE TTNSIDE SURFAGCE ~ INTERFACES  926.84 239,17 721.56 419.50 0,00 0.00
“OUTSIDE AND INSICE HEAT FLOW RATES AND TGTALS BTUZHR : : .

___81.12 ~157.62 14888.73 ~13627,12 928,69 ~1206,82

WALL NO 2 ORBIT NO 10 TIME PERIDD ND 9

TTYEMPERATURES ™ OUTSTDE SURFACE INSTOE SURFACE INTERFACES ~ 919.13 236,16 T16.81 416.61 _ 0.00 0,00

OUTSTODE AND INSIDE HEAT FLOW RATES AND TOTALS BTU/HR .

81.12 - ~158.18 o l4915.87 -13785.89 1015.81 : '-1365 60

WALL NO 2 ORBIT NO 10 TIME _PERIOD NO 10 . -

TTYENPERATUAES OUTSTCE SURFACE INSIDE SURFACE {NTERFACES  912.05 232.86 T11.95 413.35  0.00 0.00

QUISIDE AND INSIDE HEAT FLOW RATES AND TOTALS BTU/HAR ; i .

BT.12 -159.64 15062,99 ~1394%.564 1102.93 ~1525.24

WALL NO 2 ORBIT NO 10 TIME PERIOD NO 1%

TYERPERKTUREY  OUTSTDE SURFACE INSTDE SURFACE INTERFACES  905.40 229,33 707.03 409,79 0,00 U.00

OUTSIDE AND INSIDE HEAT FLOW RATES AND TOTALS BTU/HR :

87,12 . =160.29 15150411 ~14105.83 1190.05 ~16685,54

___WALL WD 2 ORBIT NO TIME PERIOD ND 12

YEVﬂeuATUKES‘“UUTSiﬁE‘SGRFItE“‘TNErﬁi SUREACE INTERFACES  B899.06 225.62 102.06 406.00 0,00  0.00

CUYSIDE ANDG INSICE HEAT FLOW RATES AND TOTALS B8TU/HR _

81.12 -160.76  15237.23  -14266.59 1277.17 ~1846.29
y $5-3028
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WALL NO 2 ORBIT NO 10 TIME PERIOD NO 13

TEPPERATURES " OUTSIDE "SURFACE  "INSIOE SURFACE ™ "INVTERFACES™ ™ 852,96 220,771 697,07V 402,02 0.00" 7 0.00

OUTSIDE AND INSIDE HEAT FLOW RATES AND TOTALS BTU/HR
CBT.12 -164.38 15324.35 _ -14430.97 __1364.29 ~2010.67

WALL NO 2 ORBIT NO 10 TIME PERIOD NO 14
© TENPERAYURES T OCYSTUE SUNEACE "~ INSIOE™ SURFACE ™ INYERFACES ™ GI9.70 216,64 T0Z.91 R09.21 0,00 " 0.00
CUTSIDE ANG INSICE HEAT FLOW RATES AND. TCTALS BTU/HR
2¢8.01 ' ~161.97  15532.31 ~14592.93 1572.30 ~2172.64

WALL NO 2 ORBIT NO 10 TIME PERIOD NO 15
TEVPERATURES ~ DUTSICE "SURFATUE TINSIDE SURFACE TINTERFACES ™ — JIV IO 2TT. 88 695,734 739281 0.0 "'0.00
"OUYSIDE AND INSIOC HEAT FLOW RATES AND TOYALS BVU/HR

$7.01 -158,79 15629.317 ~14751.73 1669.31 -2331.4)

WALL NO 2 ORBIT KD 10 TIME PERIOD NO 16

TEMPERATURES OUTSIGE SURFACE INSIDE SURFACE INTERFACES  910.26 212.67 693.24 393.60 0.00 0.00

OUTSIDE AND INSIDE HEAT FLOW RATES AND TOTALS BTU/HR e e
f22.04 7 T TN s8.437 TTUisTs1 4L T ~-14910.1% 1791.35 ~2469.86

WALL NG 7277 T ORATT NG Tl T TiME PERIGD WO TR T
IEMPERATURES OUTSIDE SURFACE INSIDE SURFACE INTERFACES  917.01 213.13 694,08 393.98 0.00 0.00
OUTSIDE AND INSICE HEAT FLOW RATES AND TOTALS 8TU/HR L -

k56,16 7T “1a7.94 1590817 “18058.10" 1946.11 RS TY YT

RALL NG ™77 27777 QREBETRD 716777 TIME "PERTOD NO™ 18T
TEMPERATURES OUTSILE SURFACE INSIDE SURFACE INTERFACES  931.19 215.37 696.59 394,61 0.00 0.00
OUTSIDE .ANC INSIGE HEAY FLOW RATES AND TOTALS BTU/HR )

VE&LBS T T T ATASITT 16095.01 —15203.21 2134,9% ~-2782,92

WALL NO™ 277 ToReiT N0 10 T T TIME PERIOND NOD 19 T
TEMPERATURES QOUFSIDE SURFACE [INSIDE SURFACE INTERFACES  950.18 217.68 700.70 395.92 0,00 0.00
_OUTSIDE ANC INSIDE HEAT FLOKW RATES AND TOTALS BTU/HR

FI3JA% T ARy, 63 T 16308446 1534666 2348.39 ~7926.57

wAle NO°77 73T T UGRBITTRGTT 10T TIME PERIGD NG T IG
TEMPERATURES OUTSIDE SURFACE INSIOE SURFACE INTERFACES  970.66 220.13 706.20 397.82 0.00 0.00
OUTSIDE AND INSIDE HEAT FLOW RATES AND_TOTALS BTU/HR

233,88 Cwf42,257 7 T UI6542,13 77 Teis4B9L LT

“2582,01 =3048.82

WALL NO 3 ORBITTROTT 10T TTTIRE TPERTODNG 21 . e

TEMPERATURES OLTSIDE SURFACE INSIDE SURFACE [NTERFACES  991.12 222,82 712.83 400.37 0.00 0.00
_OUTSIDE AND INSIDE HEAT FLOW RATES AND TOTALS BTU/HR

FLY 2%-1- Y R 711 4 1S V% £ :1- DY DS 1% Y 2411 2829.62 ~3209.76 R

WALL NO 2 " OREIT RO 10 " TIME PERIGH N =~ 237~ wess oo o oo s o ottt
TEMPERATURES OQUTSIDE SURFACE INSIDE SURFACE [INTERFACES 1009.68 225.82 720.13 403,01 0.00 0.00

OUTSTDE ANO INSIDE HEAT FLOW RATES AND TOTALS BTU/HR : :
283,18 7 TTTS1349083 7 T T (1042084 0 S-X -1 P:T: ST -V 2% | B & ' 7YY R

WALL NO =73 DREIT N0~ 16 FIHE PERLOD NQ ™ 783 " f 7 o e e et s i o b
TEMPERATURES OUTSIOE SURFACE INSIDE SURFACE INTERFACES 1024.88 228,97 727.48 405.89 0.00 ' 0.00
CUTSIOE AND INSIDE +EAT FLOW RATES AND TOTALS BTU/HR

25058 7T T TTTT<L3B.96 1129382 77 —1sqos;as‘"“""“"“‘3333:75‘“‘“”‘“”'“3139"36‘”“““ T

TWALUTND T T 2T UTORBITONG TR0 T UYTIME CPERIOD NOTTTT24TTTTT T T T e

TEMPERATURES OUTSICE SURFACE INSIDE SURFACE INTERFACES 1035.80 232.23 734.33 409.23 0.00 0.00
GUTSIDE AND INSIOE HEAT FLOW RATES AND TGTALS BTU/HR .

FL2 PSR & T P-4 R & A5 1 T 7 DS ¥ X/ LY M 1) 357568 j -3626.75%

RALL RO 7777 TTBRBITONDG T IO CTUYIMET PERIDU KU T T2Y -
TEMPERATURES OUTSIDE SURFACE INSIDE SURFACE INTERFACES 1031.74 235,72 736.96 409.18 0.00 0.00

merh mrmm S i o serg—— s o e fn -
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T CUYSTOE TARD ENSTDE THEAT FLDW RATES ANG TGTALS BiU/HR

189.50 -137.52 11125.24 - ~161B4.56 376%.18 ~3764,28
WALL NO 2 ORBLT NO 10 TIME PERIOD NO 26 -
_JEMPERATURES" OUTSICE SURFACE _INSIDE SURFACE INTERFAGES 1025,08 238,07 739,86 413,06 0,00 _0.00
“OUTSINE AND INSIDE HEAT FLON RATES AND TOTALS BTU/ZHR
1713.11 -137.03 17898.41 ~1€321.59 31938,3% ~3901.30
WALL -NO 2 ORBIT NO 10 TINE PERIOD NO 217 S :
_ JEMPERATURES OUTSIOE SURFACE INSIDE SURFAGE INTERFACES 1014.98 24148 741,11 415,60  0.00 _ 0.00
TOUTSIDE FNUTINSITE WEAT FLOW RATES AND TOTALS BTUZHR
151,71 -135.65% 18050.12 ~16457.24 4090.06 -4036,95
NALL NO 2 ORBIT NO 10 TIME PERIOD NO 28
_. YEMPERATURES OUTSICE SURFACE  {NSIDE SURFACE INTERFACES  1001.74 244,88 740.63 417.%4  0.00 0,00
TTOUTSI1DE AND INSTOE HEAT FLOW RATES AND TOTALS BTU/ZHR
127.89 ~135,09 18178.01 ~16592,33 4217.95 172.04
WALL NO - 2 ORB1T NO 10 tIME PERIOD NO 29

TEMPERATURES OUTSICE SURFACE INSIDF SURFACE INTERFACES

TTOUTSIDETAND INSIOE REAT EUUW RATES AND TOTALS siU/HR
106.67 -134,.53 182718.67 ~16126.85

)
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984947 248,00 737,89 418,73 0,00

4318,.61

~4306.37
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10.

SECTION 6

FORTRAN LISTINGS

This section presents the listings of the source program elements.

Element

Main Program MP

Subroutine

Subroutine

Subroutine

Subroutine

Subroutine

Subroutine

Subroutine

Subroutine

Subroutine

Subroutine

TAPL

DISTX

DATAA

TEMPER

TEMSET

INTLA

TEMCAL

DOPT

TEMTRN

DISVAC

Function

Used only to call the controlling subroutine
TAPL;, which permits use of the entire program
as a subroutine.

When program is to be used as a subroutine,
start at this point. Subroutine provides
input and control for all factors except
thermodynamic data.

Computes appropriate x-axis dimensions for
each slice and layer.

Reads in all thermodynamic data, converts and
calls for interpolation where needed, and
stores in core.

Examines data for completeness and consistency.
Sets up control digits for subsequent itera-
tive processes. Handles basic computation on
a Btu basis and checks solutions for
convergence.

Sets up initial wall temperatures.

Performs Lagrangian interpolation for input
data.

Performs stepwise calculation of temperature,
simulating the graphical process.

Controls writing of all output and error
messages.-

Handles special calculations required if any
material layer is transparent to incident
radiation.

Performs calculations needed if any material
layer is a vacuum.

AIRESEARCH MANUFACTURING DIVISION $5-5028
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ANAANNNNAA

ANALYSTS OF PERIODIC THERMAL LOADS
IMPOSED ON ENVIRONMENTAL CONTROL SYSTEMS

FORTRAN I1 DIGITAL COMPUTER PROGRAM PREPARED FOR
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
BY AIRESEARCH MANUFACTURING DIVISION
THE GARRETT CORPORATION
NASA CONTRACT NAS 9-2044

COMMON ANRO3s ANRP s ANSOsANSPsAR1294AR23 ARSI s ARSOARSSO2ARSTO+AS129AS
123sAVACI s AVACOsCOND» CSUBP s CUEsCUET s CUEQsCUEST s CUESQO,
2DATASDDsDELTsDTHN DX s DXN9sDXNAYDXNBsDXNCsDXNDsERLI25ER23

COMMON ERKISERKO9FCIosFCOsHRSOBTsIDATAs IL s INDs INDX 9 ITPMAX 9 ITPMINSIT
IRNs IVACY IW s IWALL s IWCo IWD 9 DT 9 JTPROKL s LBDsLBKsLBNsLT19LT2yMAsMReNDA
2TsNSETyNSETRINSETSyNWALLPROPSRBITsRHO

COMMON SUMA9TABsTHCKsTI9sTMsTOs TRKI s TRKOsTRSI+sTRSOsTRSSOs TRSTOs TSUM
ToTTEMyTWLIsTWLO X9 XDsXDD123sXDD239XDD34 s XDD45 s XKDX # XWI s XWOsY

COMMON QOsQ1QRTsQST

DIMENSION ANRO(1011sANRP(101)5sANSO(101)sANSP{101)sARYI2(101)sAR23(1
101)+ARSI(101)sARS0{101)sARSSO(101) sARSTOL101)sAS121101)9AS23(10L)
2CONDI(5) +CSUBP(S5)sCUE(10}sCUET{1011sCUEQO(I101)+DATA(201)sDD(1024+2)

DIMENSION DTHN(S5) sDX(5)YsDXN{S)sER12(1011sER23(101)+ERKI(101)+ERKO(
1101)sFCIC101}9FCO(101)51L{5)9IND(20)+LBK(30)sPROP(5)sRHO(5})TABL4O
22V 9THCKIB s TI (101 19TM{102+4)sTO(101}1sTRKI(I01)+TRKO{101)TRSI(101)

DIMENSION TRSO(101})sTRSSO(101)sTRSTO(101)sTSUMI20)sTTEMI100)» TWLIL
1101} sTWLO(101)sXU102+4)9sXDI562045)sXKDX(5)

CALL TAPL
END

. e 5$5-3028
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SUBROUTINE TAPL

ANALYSIS OF PERIODIC THERMAL LOADS
IMPOSED ON ENVIRONMENTAL CONTROL SYSTEMS

FORTRAN I1 DIGITAL COMPUTER PROGRAM PREPARED FOR
. NATTONAL AERONAUTICS AND SPACE ADMINISTRATION
BY AIRESEARCH MANUFACTURING DIVISION
THE GARRETT CORPORATION )
NASA CONTRACT NAS 9-2044

COMMON ANROs ANRP s ANSOsANSP4AR129AR23 ARSI sARS0O9ARSSO+ARSTO9AS129AS
123 9vAVACI+AVACO» COND s CSUBP s CUE s CUE T s CUEO s CUEST 9 CUESO
2DATA+DDsDELTsDTHN 9DXeDXNsDXNASDXNBsDXNCsDXNDSER124ER23
* COMMON ERKISERKOsFCLsFCOoHRSOBT o IDATAIL s INDeINDXsITPMAXs ITPMINSIT
IRNs IVAC IWs IWALL s IWCs IWD 9 UDI s JTPRIKL sLBD9LBKsLBNsLT19LT29sMA9IMRsNDA
2TsNSETyNSETRyNSETS NWALLyPROPSRBITsRHO )

COMMON SUMAsTABsTHCKsTIsTMsTOsTRKI*TRKOsTRSI » TRSOsTRSSO9TRSTOs TSUM
JoTTEMeTWLI s TWLO X9 XDsXDD12sXDD23 9 XDD34 9 XDD4LS ¢ XKDX o XWI s XWO o Y

COMMON QOsQlsQRT»QST

DIMENSION ANRO(101)sANRP{101}sANSO{101)sANSP(101)sAR12{10115AR23(]
101)+sARSTI(101)+sARS0(101)sARSSO(101)sARSTO(101)92AS12(101}sAS23(1011),
2COND(5)sCSUBP(5) s CUE(10}sCUET(101)9sCUEO{101)9DATA(2011+DD(102+2)

DIMENSION DTHN{S)sDX(5)sDXN(5)sER12(101)+ER23({101)ERKI(101)+ERKO{
11011 sFCI(101)sFCO(101)sIL(5)oIND(20)+sLBK(30)sPROP(5)sRHO(5)sTAB(40O
22 s THCKAS5 9 TI{2011eTM{102941sTO(101)1sTRKI{L101)+TRKO{101)+TRSI(101)

DIMENSION TRSO(101)sTRSSO(101)sTRSTO(101)sTSUMI20)+TTEMIL00) s TWLIL
1101)sTWLO(101)sX(102+4)sXD15420s5) sXKDX(5)

SET READ/WRITE TAPE UNIT TO FORTRAN NUMBERS FOR INSTALLATION
LTl INPUT DATA
LT2 OUTPUT DATA

LTl=41
LT2=42

READ INPUT TAPE LT1s99sRWALLsJDI
FORMAT(215)

9999 READ INPUT TAPE LT1s100sIWALLsIDATASIWsITPMAXs ITPMININSETsNSETRINS

IETSs ITRNs IVAC

100 FORMAT(1415)

103

102

Q1=0.

00=0.

READ INPUT TAPE LT15103sHRSOBTsDELTsAVACIsAVACC
FORMAT(7F1045)

CALL DOPT(9) ,

READ INPUT TAPE LT15102s(COND(L)sCSUBP{L)sRHO(L)sTHCK(L)sL=19IW)
FORMAT(10Xs4F1045)

TPRMIN=ITPMIN

TPRMAX=1TPMAX

DTHMAX=HRSOBT /TPRMIN

DTHMIN=HRSOBT/TPRMAX

DTHM=DTHMAX

DO 300 I=1,IW ,

IF(IVAC-112055205+204

204 IF(IVAC-1)205+3005205

=)
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205

212

220
221
222
223
300
304
305

390

400

970

8000
9000

A127=NSET-1

PROP (1) =¢5%CSUBP(T)*RHO(T)*COND(1)
DX(1)=THCK(I)/(12e%COND(])}
A127 = A127 + 1.

DXN(I) = DX(I) / A127
DTHN(I) = PROP(1) * DXN{(I) * DXN(I)
IF(A127-20412209223+223
IF(DTHN(T)=DTHMIN)221+222+222
DTHN(1)=DTHMIN
IF(DTHN{1)~DTHMAX 2234223212
DTHM=MINIF (DTHMsDTHN (1))
IL(L) = A127

CONT INUE

DO 400 I=1s1W
IF{IVAC~11305+305+304
IF(IVAC~11305+390,305

XKDX (1)=DTHM/ {PROP (1) #DXN(1))
GO TO 400

XKDX{TVAC)=5,

ILLIVACI=1

DXN{IVAC)=10.

CONT INUE
JTPR={HRSOBT/DTHM) +45
JTPR=XMINOF (JTPRs100)
DXNA= 4 5%DXN( 1}

DXNB=DXNA+1e

DXNC= ¢ 5%DXN( [W)

DXND=DXNC+14

CALL DOPT(2)

CALL DOPT(6)

CALL DISTX

CALL DATAA

CALL TEMPER

IF (NWALL-TWALL ) 999859998,9999
RETURN ‘

END

AIRESEARCH MANUFACTURING DIVISION
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SUBROUTINE DISTX

COMMON ANRO»s> ANRP s ANSOsANSPsAR129AR23 ARSI sARSOsARSSO9ARSTOAS129AS
123+ AVACI s AVACOSCOND s CSUBP s CUE «CUET s CUEO»CUEST +CUESO
2DATAWDDSDELTsDTHNsDXsDXNsDXNASDXNBsDXNCoDXNDER124ER23

COMMON ERKIYERKOSFCIsFCOsHRSOBT s IDATASIL o INDs INDX s ITPMAXs ITPMINSIT
IRNe IVACS IWs IWALL s IWCy IWDs JDI s JTPReKL sLBDsLBKsLBNsLT1sLT2sMAsMRsNDA
2ToMSETsNSETRSNSETSsNWALLIPROPSRBITRHO - )

COMMCN SUMAsTABSTHCK s T1eTMsTOsTRKIsTRKOsTRSI s TRSO»TRSSO» TRSTO»TSUM
LoTTEMeTWLT»TWLO X s XD XDD12 4 XDD23 9 XDD34 9 XDDG5 9 XKDX s XWI s XWO s Y .

COMMCN QO»QlsORT»QST ‘

DIMENSION ANRO(101)+sANRP(101)9sANSC(101)sANSP(101)+AR12(101)sAR23(2
101)sARST(101)sARSO(101)yARSSO(101)sARSTOL101)9AS12(101)9+AS23(101)y
2COND(5)+CSUBP{5)3CUE(10)»CUET(101)sCUEO(101)+sDATA(201)sDD(102+2)

DIMENSION DTHN(5)sDX(5)sDXNI5)sER12{101)1+ER23(101)+ERKI(101)+ERKO(
11011 9FCI{101)sFCO(I01)sIL(B5)sINDI20)sLBK{30)sPROP{5)sRHO(5)+TAB(40
22V THCK(5) s TT1101)19THM{102+4)sTO{101)sTRKI(101)»TRKO(101)sTRSI(101)

DIMENSION TRS50(101)sTRSSO(101) e TRSTO(101) s TSUMIZ20) e TTEM(I100)»TWLIL
1101 ) sTWLOTI0Y) s X(102s4)sXD(542095) ¢ XKDX(5)

XD(1sls11=10,

DO 100 I=1,1IW

IWA=11L(1)

DO 100 J=1s1WA
XD(I9Js5)=XD{1sJe1)+DXNI(I)
XD(19J93)=2045%¥(XD(T1eJs1)+XD(19Js5)}
XD(1eJde2)1=2XD(1sJy3)=XKDXA(I)
XDETadet)=XD(19Je3)+XKDXI{])
IF(J=IWA)10s20510

10 XD{TIsJ+1e1)=XD{IsJs5)

GO 70 100

20 XD(I+1s1s1)=XD{19Js51

IF{1~IW125,1005100

25 XD99=oS5%(DXN([)Y+DXN{I+1))
26 GO TO(305490+50+601) !

30 XW12=XD(IvsJs5)

31 XDD12=(XW12-XD(1+Js3))/XD99

GO TO 100

40 XW23=XD(IsJs5)
41 XDD23=(XW23-XD(1+Jy3))/XD99

GO TO 100

50 XW34=XD(IsJs5)
51 XDD34={XW34~-XD{(1sJs311/XD99

GO TO 100

60 XW45=XD(I1+Js5}
61 XDD4S={XW45-XD(1+J931)/XD99
100 CONTINUE

CALL DOPTI(5)

IwB=1

DO 300 I=1sIW
IwA=1IL(])

DO 300 J=1sIWA"
IWB=IWB+1

DO 300 KK=194
X{IWBsKK)=XD{12JsKK)

300 CONTINUE

IWC=1wB+1

A
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IWD=[wWC~1

 XWO=XD(1s191)

XWI=XD(1IsJe5)

X{IWCs1)=XWI

X({1s3)=XWO~10

X(IWCy3)=XWi+1,

DO 400 I=251WD )

DO{I a2 )=(X(I93)=X(T1s2))1/(XCTs3)=X{I~193))
DD(Te2)= (XTI +13)=X(I st )}/ {X{1+193)=X{143))

400 CONTINUE
RETURN
END
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SUBROUTINE DATAA

COMMON ANROOANRP)ANSO)ANSP9AR120AR239AR5"ARSO’ARSSO’ARSTOOASIZ!As
1239AVACI s AVACO» COND s CSUBP s CUE s CUE T 9 CUEQ s CUEST s CUESO s
2DATASDDIDELTosDTHNsDXsDXNsDXNASDXNBsDXNCH»DXNDyER1I29ER23 .

COMMON ERKIERKOSFCIsFCOsHRSOBT s IDATASILsINDyINDXsITPMAXsITPMINSIT
IRNs IVACs IWs IWALL » TWC»> IWDs JDI s JTPRIKL 9L BDoLBK+LBNyLT1sLT29MAsMRsNDA
2TsNSETsNSETRyNSETSsNWALL+PROPSsRBIT sRHO

COMMON SUMAsTABsTHCKsTIsTMsTO»TRKI s TRKOsTRSI vy TRSOs TRSSOs TRSTO$TSUM
1sTTEMoTWLI s TWLO 9 X s XD XDD12 9 XDD23 s XDD34 s XDD45 9 XKDX s XWI 9 XWO» Y

COMMON Q0Ql +QRTsQST

DIMENSION ANRO(101)sANRP(101)sANSO{101)+ANSP{101)sAR12(101)9AR23(1
101) s ARSTI(101)sARSO{101)+ARSSO(101)sARSTO(10119AS22(101)9AS23(101}»
2COND(S5)sCSUBP(5)sCUE(210)sCUETIL10119CUEO(101)sDATA(201)9DD(102+2)

DIMENSION DTHN(5)sDX(5)sDXMN(5)sER12(101)1+ER23(101)+ERKI(101)+ERKO{
1101 ) 9FCI{101)sFCO(101)2IL(5)9IND(20)sLBK(30)sPROP(5)sRHO(5)sTAB(40
2219 THCKA{S5) s TI(101)eTM{10264)sTO(101)+TRKI{101)sTRKO{101)9TRSI(101)

DIMENSION TRSO(101)sTRSSO(101)sTRSTO(101)sTSUM(20) o TTEMI100)sTWLI(
1101 ) o TWLO(I01)eX{102+4)9XD1542095) s XKDX(5)

WYEF(Y)=(Y#e0l+bab)¥%4
DO 300 K=1+IDATA
READ INPUT TAPE LT1+10+LBDsLBN¢KL
10 FORMAT(315)
11 LBK({K)=LRD
READ INPUT TAPE LT1+209(DATA{I)eI=1,LBN}
20 FORMAT(7F10e5)
LBM=LBN-1
A2=1LBM
TPD=HRSOBT/A2
TPDS=0.
TAB(1)=0,.
TAB(2)=DATA(L1)
DO 100 I=24LBN
TPDS=TPDS+TPD
TAB{2%1~1)=TPDS
TAB(2*1)=DATA(I)}
100 CONTINUE
Al1=JTPR
TP=HRSOBT/Al
SUMA=0.
DO 200 I=1+JTPR
SUMA=SUMA+TP
CALL 1INTLA
GO TO (10191029103+41049105910691079108510991109111+11291139114+115
101160117'1189119’120t121’]2201230124012591260127,12891290130)QLBD
101 TO(1l)=Y
GO TO 200
102 FCOU(I1)1=DXNA+1le/Y
GO TO 200
103 TI(I)=Y
GO 1O 200
104 FCI(1)=DXNC+1le/Y
GO 10 200
105 CUEO(])=Y
GO 70 200
106 CUEI(l)=Y

!
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107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
- 125
126
127
128
129
130

200
300

AIRESEARCH MANUFACTURING DIVISION
Los Angeles, California -

GO TO 200
TWLO (1) =Y
GO TO 200
TWLTLT) =Y
GO TO 200

TRSO(TY=WYEF(Y)

GO TO 200

ARSO(I)=e173%Y

GO TO 200

TRSSO{T)=WYEF(Y)

GO 170 200

ARSS0(I)1=e173%Y

GO TO 200

TRSTO(I)=WYEF(Y)

GO TO 200

ARSTO(1)=e173%Y

GO 10 200

TRKO(I)=WYEF(Y)

GO 10 200

ERKO(I)=e173%Y

60 70 200

TRSI(1)}=WYEFL(Y)

GO TO 200

ARSI(I)=el173%*Y

GO TO 200

TRKI(T)=WYEF(Y)

GO TO 200

ERKI(1)=e173%Y

GO TO 200
ANRO(I)=Y
GO TO 200
AR12(1)=Y
GO TO 200
ER12(I)=Y
GO TO 200
ANSO(T1)=Y
GO TO 200
AsS12(1)=Y
GO 70O 200
ANRP(1)=Y
60 TO 200
AR23{1)=Y
GO 10 200
ER23(1})=Y
GO TO 200
ANSP (1))=Y
GO TO 200
AS23(1) =Y
CONTINUE
CONT.INUE
RETURN
END

$5-3028
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SUBROUTINE TEMPER

COMMON ANRO’ANRP;ANSO;ANSPoARIZ9AR23»ARSI9ARSO.ARSSO'ARST0|A512oAS
1239 AVACI s AVACO s COND» CSUBP » CUE s CUET s CUEQ» CUEST »CUESO
2DATASDDsDELT9DTHNsDXsDXNsDXNA+DXNBsDXNCsDXNDsER129ER23

COMMON ERKIERKOSFCIsFCOsHRSOBT o IDATAWIL 9 INDs INDX» ITPMAX s ITPMINSIT
IRNs IVACs IWs TWALL s IWCs IWD» UDI 9 JTPROKL9LBD9LBKsLBNsLTI1oLT2sMAIMRINDA
2ToNSEToNSETRINSETS»NWALLsPROPSRBIT»RHO

COMMON SUMAsTABsTHCKsTIsTMsTOsTRKIsTRKOSTRSIsTRSOsTRSSOs TRSTO9 TSUM

-IQTTEMDTWLl9TWLOOX9XO’XDD]29XDDZ39XDD349XDDQ§’XKDX’XWIOXWO’Y

COMMON QOsQI50RT QST

DIMENSION ANRO{101)sANRP(101)+ANSO(101)+ANSP(101)+AR12(101)»AR23(1
10 )9 ARST(1C1) sARSO(101)sARSS0(101) sARSTO(101)+AS22(201)9AS23(101),
2COND(5)sCSUBP(5)»CUE(10)sCUET(101)sCUEO(101)+DATA1201)+DD(10242)
DIMENSION DTHN(5)sDX(5)sDXN(5)+sER12(101)sER23(101)ERKI(101)+ERKO(
1101)sFCI{101)sFCOL101)sIL(5)sIND(20)sLBK(30)sPROP(5)1sRHO(5)sTAB(4O
22)2THCK (S5 )9 TIU101)sTM(10294)sTO(101)sTRKI{101)9TRKO(101)sTRSI(101)
DIMENSION TRSO(101)sTRSSO(101)sTRSTO(101)sTSUMI20)sTTEM(200)»TWLI(
1101)sTWLO(1D1)9X(102+6)9XD(5+2005) 9XKDX(5)

TEEF(T)=(T*e0l+he6)¥%4
JJJI=0
N1=1
N2=1
N3=1
N4g=1
N5=1
N6=1]
NT7=1
N8=1]
N9=1
DO 20 K=1sIDATA
LBDA=LBK(K) ’
GO TO(lsl’2v293’40596s7'7'79797;7’7o7s8’898’809999909’999;9o9q9¢9)
1.,LBDA - .

1 Nl=N1+1

GO TO 20

2 N2=N2+1

GO TO 20

3 N3=N3+1

GO0 10 20

4 N&=N4+1

GO 70 20

9 N5=N5+1

GO 10 20

6 N6=N6+1

GO TO 20

T N7=NT7+1

GO 70 20

8 N8=N8+1

GO0 70 20

9 N9=N9+1

20 CONTINUE

22 IF{NI+N3+NS5+N7-4)23+23424
23 NDAT=]

CALL DOPT(1)

24 IF(NZ2+N4+N6+NB~- 4)23¢ 3425

, $5-3028
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25
35
37

40

41

50
36

51
52
55
56
60

61
62

65
66

70

72

14

76

80

82
84

86
87

88

89
90

AIRESEARCH MANUFACTURING DIVISION .

INDX=0

GO TO(40935+37) N1

NDAT=2

CALL DOPTI(1)
INDX=INDX+1
IND{INDX)=]

GO TO(50935s41)eN2
INDX=INDX+1
INDUINDX) =2
IF(N3+N4~3)160+51936
NDAT=3 ’

CALL DOPT(1)
IF{N3-1)35+55,52
INDX=INDX+1
IND(INDX)=3

GO TO 60
IF(N4-1)35+604556
INDX=INDX+1
IND(INDX) =4
IF(NS5+N6-3)T70+61936
IF(N5-1)35465+62
INDX=INDX+1
INDUINDX)=5

GO TO 70
IF{N6-1)35470166
INDX=1NDX+1
IND(INDX)=6

GO TO (80+80980935972335474435476) N7

INDX=INDX+1
IND(INDX) =9
GO TO 80

INDX=INDX+1
INDIINDX)=8
GO 70 80

INDX=TNDX+1
IND(INDX)=7

GO TO (8293543525981 )sN8

INDX=INDX+1
INDUINDX)=10

GO TO (8B69359359359235+84+844844+849844+84) N9

INDX=INDX+1

IND( INDX)=11
CALL TEMSET
B1=JTPR
B2=MINLF(B1ls10s)
1B3=1,+B1/B2
B4=IWC~2
B5=MIN1F (B&43s10e)
1B6=1.+B4/B5
MR=0

KSUM=0

TTEST=0,
TSUMN=0.
TSUMP=0.

MI=0

KMM=1

DO 500 M=1sJTPR
DO 100 I=1+10

Los Angeles, California
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100 CUEL1)=0,.

’ DO 400 I=1+INDX
INDK=IND(I) . ' B}
GO TO (21092209230+240425002609270928092904300+4001+INDK

210 CUE(1)=(TO(M)~-TM(2+1))/FCO(M)

GO T0 400

220 CUE(2)=(TI1{M)~TM({IWCs1))}/FCI (M)
GO TO" 400 :

230 CUE(3)=CUEQ(M)

GO TO 400

240 CUE(4)=CUEI (M)
GO TO 400

250 CUE(S5)=(TWLOIM)~-TM(2+2))1/DXNA
GO TO 400

260 CUE(G)={TWLI(M)}=TM{IWDs3)}/DXNC
GO T0 400 :

270 CONTINUE

280 CONTINUE

290 RWO=TEEF(TM(2s1))
CUEA=ERKO (M) ¥ {RWO~TRKO(M))
CUE(9)=ARSO(M}* [TRSO(M)~RWO)}~-CUEA
IF{INDK=91292+400+935

292 CUE(8)=ARSSO(M)*(TRSSO(M)~RWO)
IF{INDK~812935400+35

293 CUE{T7)=ARSTO(M)®{TRSTO(M}-RHO)

GO TO 400

300 RWI=TEEF(TM(IWCs1))
CUEB=ERKI (M) * (RWI~-TRKI(M}))
CUE{10)=ARST{MI*(TRSI{M)~-RW!)}~-CUEB

400 CONTINUE
MA=M
IF(IVAC-1)4053405+401

401 CALL D1sVAC

405 IF(ITRN)410+4104+406

406 CALL TEMTRN .

410 CUESO=CUE(1)+CUE(3)+CUE(5)+CUE(T)+CUE(8)+CUE(9)
CUEST=CUE({2)+CUE(4)+CUE(6)+GUE(10)
TM{1s3)=TM(2+3)+DXNB#CUESO
TMOIWC» 31 =TM{IWD 3 ) +DXND*CUESI

418 TMI(241)=TM(193)—-CUESO

419 TMUIWCs1)=TMUIWCs3)~CUESI

420 CALL TEMCAL
IF(JJJ142196215485

421 IF(M=-KMM}500+430+430

430 DO-460 I=2+1WDs1B6
MI=MI+1

431 TTEST=TM(1+3)~TTEM(MI)
IF(TTEST)44094559450

440 TSUMN=TSUMN+TTEST
GQ TO 455

450 TSUMP=TSUMP+TTEST

455 TTEMIMI)I=TM(1+3)

460 CONTINUE :
IF(M-KMM)498,480s498

480 IF(JD11492+4929491

485 QO=QO+CUESO
QI=QI+CUESI
GO 70 492

AIRESEARCH MANUFACTURING DIVISION $5-5028
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491 CALL DOPTI(4)
492 CALL DOPT(T)
493 CALL DOPT.(8)
498 KMM=KMM+IB3
500 CONTINUE
IF(JJJ)501+501+600
501 MR=MR+1 -
IF {MR~NSETR)509+509+51
509 DMI=MI+M]
TSUM{MR)=(ABSF (TSUMP+TSUMN] }/DMI
IF{TSUM(MR)~DELT1520+520+510
510 IF(TSUM(MR)~TSUM(MR~1)15144514,511
511 KSUM=KSUM+1
IF IKSUM~-NSET5)515+515+512
512 CALL DOPT(3)
CALL DOPT(4)
CALL DOPTU(T)
CALL DOPT(8)
IF(JDI)514+5144+513
513 CALL DuMP
514 KSUM=0
515 GO 70O 88
520 JJJ=1
521 GO 10O 89
600 CONTINUE

RETURN
END
-~ $5-3028
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SUBROUTINE TEMSET

COMMON ANRO s ANRP s ANSO9ANSP sy AR129AR239ARSI sARSO ARSSOvARSTOuASlZ’AS
123sAVACI sAVACO sy COND» CSUBP y CUE »CUE 1 yCUEO$CUEST 9 CUESO»
2DATAWDDsDELT s DTHNsDX sDXNsDXNAsDXNBsDXNCsDXNDsER129ER23
COMMON ERKI$ERKO¢FCIsFCOyHRSOBT » IDATASIL s INDs INDXs ITPMAXs ITPMINSIT
1RNs IVACs IWs IWALL » IWC» IWD» DI s JTPR9KL +LBDsLBKsLBNsLT19sLT2»MAsMRsNDA
2TINSETyNSETRsNSETSsNWALL sPROPsRBIT s RHO

COMMON SUMASTABTHCK s TIoTMsTOsTRKI 9 TRKOITRSI s TRSO+ TRSSOs TRSTO»TSUM
1sTTEMsTWLT s TWLO 9 X 9 XD 9 XDD12 9 XDD23 9 XDD34 s XDD45 s XKDX s XWI s XWO 9 Y i

COMMON QO»sQIsQRTsQST . '

DIMENSION ANRO(101)+ANRP(101)9sANSO(101)+ANSP{101)sAR12(101)sAR23(1
101)9ARSI(101 ) +sARSO(1011+ARSSO(101) sARSTO(101)9AS12(101)+AS23(101),
2COND(5)9CSUBP(5)9CUE(10)9sCUET(101)9sCUEO(101)sDATA(201)sDD(10292)

DIMENSION DTHN{5)sDX(5)+DXN{5)9ER12(101)+ER23(101)+ERKI{101)+ERKO(
1101) 9FCI(101)»FCOL101)+ILI5)2IND(20)sLBK(30)sPROP(5)sRHO(5)+TAB(40
22)+THCK(5)sT1(101)»TM(102+4)sTO(101)sTRKI(101)sTRKO(101)sTRSI(101)

DIMENSION TRSO(101)sTRSSO(101)sTRSTO(101)sTSUM(20)}sTTEM(100) ¢ TWLI(
1101) s TWLO(101) sX(10294)9XD(582045) s XKDX(5)

IF{ABSFTWLO(1)~TWLI(1))~10e)191s2
1 TSET=TWLO(1}-10.
GO 70 3
TSET=TWLI
DO 10 I=241WD
TM{1+3)=TSET
RETURN
END

O WwWN
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50

100
200

300

400
500

600
100
800

900

1000

1005
1010
1020
1100
1200

1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300

(GARRETY,

SUBROUTINE INTLA

COMMON ANRO» ANRP s ANSO s ANSP o AR124AR239ARSI »ARSO9ARSSO9ARSTOSAS129AS
1233 AVACT 4 AVACO» COND+» CSUBP 4 CUE 9y CUET » CUEO W CUEST s CUESO,
2DATAIDDsDELT9DTHNsDX 9sDXNsDXNAIDXNBsDXNCsDXNDsER129ER23

COMMON ERKISERKOsFCIsFCOsHRSOBT 2 IDATASIL s INDs INDXo ITPMAX 9 ITPMINSIT
IRNs IVACy [Wo IWALL o IWCo IWD 9 UDT 9 JTPRIKL2LBDILBKsLBNsLT1oLT2sMAsMRINDA
2ToNSEToNSETRyNSETSsNWALLsPROPsRBIT sRHO -

COMMON SUMA,TAB9THCK’TI’TM9T0|TRKI'TRKOoTRSIoTRSO’TRSSOoTRSTOoTSUM
1sTTEMs TWLT 9 TWLO s X s XD s XDD12»XDD23 9 XDD34 s XDD45 9 XKDX 9 XW [ 9 XWO s Y

COMMON QOsQIsQRT QST

DIMENSION ANRO(101)9ANRP(101)oANSO(lOl)oANSP(101)cAR12(101)9AR2’(1
101)9ARSI{(101)5ARS0(101)9ARSS0(101)sARSTO(101)+AS12(101)+AS23(101)»
2COND(5) +CSUBP(5) »CUE{10)»CUET{101)9CUEO(101)+DATA(201)+DD(102+2)

DIMENSION DTHNI(S5)sDX(5)sDXN(5)sER12(101)sER23(101)+ERKI{101)+ERKO(
1101) ¢FCI(10119FCOC101321L(5)sIND(20)eLBK(30)+PROP(5)sRHO(5)sTAB(4O
22) 9 THCKI5)9TI(101)9TM{10294)sTO(101)+TRKIC101)»TRKO(I01)sTRSI{(101)

DIMENSION TRSO(101)sTRSSO(101)sTRSTO(101)sTSUMI20)»TTEMI100)sTWLIY
1101)»TWLO(101 )9 X(10294)9XDI5+2051sXKDX(5)

N = LBN

XX = SUMA

K = KL

IF (XX~ TAB(1}) 200s 300+ 300
L =1

GO TO 500

NZ = N + N

IF (XX~ TAB{(NZ2-1})) 600s 600s 400
L = N2 -3

K= 2

GO TO 1600

1 =3

IF {XX - TAB{I)) 1000,800+9G0
SUM = TAB(I + 1} ‘

GO TO 2600

I =1+ 2

GO 70 700

K2 = K/2

M = K2 + K2

L=1-M

IF (M ~-K) 1010s 1100s 1010

IF {(XX+XX- TAB(I) ~TAB(I- 2)) 1020s 1100s 1100
L=L -2

IF (L -1) 1200, 1300, 1300

L =1

GO T0 1600

M = 2%(N-K} +1]

IF (L -M) 1600s 160021500
L =M

M =L+ K +K -2

SUM = Q.

DO 2500 I =LMs2

P = 1

DO 2300 J = Ly My 2

IF 11 -J) 220Gy 23009 2200

P = P* (XX~-TAB(J))/ {(TAB(I) - TAB(UN))
CONT INUE

A NG DIVISION $5-3028
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2400 SUM = SUM + P* TAB(I+1)
2500 CONTINUE
2600 Y = SUM

RETURN

END
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SUBROUTINE TEMCAL

COMMON ANRO+ANRP s ANSOsANSPsAR12sAR23+3ARSTI 9sARSOsARSSO9ARSTO9AS129AS
123 9AVACIsAVACOsCOND» CSUBP s CUEsCUE T »CUEQ s CUEST s CUESO )
2DATAYDDsDELT+DTHNsDXsDXNsDXNASOXNB sDXNCIDXNDSERLI2+ER23

COMMON ERKIZERKOS$FCI»FCO HRSOBT s IDATASIL o INDy INDX s ITPMAX o ITPMINS IT
IRNs IVACYIW s IWALL s INCHIWD s JDT o JTPRsKLsLBDILBKsLBNsLT1sLT29MAIMRyNDA
ZToNSET+NSETRINSETSeNWALL+PROPsRBITyRHO

COMMON SUMAsTABsTHCKsTIsTMsTOsTRKIsTRKO9TRSI 9y TRSOsTRSSO9TRSTO«TSUM
JsTTEMs TWLIsTWLO s X o XD9XDD12 e XDD23 9 XDD34 9 XDDA45 ¢ XKDX o XW I e XWO» Y .

COMMON QOsQI +QRT QST .

DIMENSION ANRO{101)+ANRP({101)sANSO{101)sANSP({101)3sAR12(101)sAR23(1
10119ARSI(101)sARSO(101)+sARSSO{101)+ARSTOI101)9AS512(101)9sAS523{101)»
2COND(5)sCSUBP(5)9CUE(10) s CUET{1011»CUEO(101)9sDATA(201)4DD(102+2)

DIMENSION DTHN{S5)+DX(5) ¢DXN(5)sER12(101)+ER23{101)+ERKI(101)+ERKO{
1101)«FCI(101)sFCOC101)sIL(S)eINDI20)sLBK(30)sPROP(S5)4RHO(5)eTAB(4O
22V THCK(5)sTI(101) s TMI102+4)9TO(101)sTRKI(101)sTRKO{101}+TRSI(101)

DIMENSTION TRSO(101)sTRSSO(101)sTRSTO(101)sTSUM(20) sTTEM(100)sTWLI(
1101) o TWLO(L101)eX{10294)9XD(592095)9XKDX{(5)

DO 100 I=2,1WD .
TM{T+2)=TM{I-133)%DD{1s1)+TM(]e3)%(1e=DD(1s1))
TM{T 94 )=TM{T+31%¥DD(192)+TM(I+1s3)%(1e~DD(14+2))
TMIT 021 =e5%(TM(152)+TM(Is4))

CONT INUE

RETURN

END
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100
101

110
111

120
121

130
131
140
141
150

200
201

300
301

400

401
450

500

501

SUBROUTINE DOPT (JKL) e
COMMON ANROSANRP s ANSOsANSPsAR12sAR239ARSTI sARSOSARSSO+ARSTOIAS129AS
1239AVACI s AVACO s COND s CSUBP s CUESCUE I s CUEQ9CUEST s CUESO
2DATASDDsDELTyDTHNsDX s DXNsDXNAWDXNB+DXNCIDXND9ER12+ER23

COMMON ERKIZERKOSFCI oFCOIHRSOBT s IDATASIL S INDs INDXs ITPMAXsITPMINSIT
IRNe IVAC s IWs IWALL o IWCs IWDs JDI 3 JTPRsKL sLBDILBKsLBNsLT1sLT2sMASMRsNDA
2ToNSETeNSETRINSETSsNWALL+PROPSRBIT+RHO

COMMON SUMAQTAB’THCK9TI'TMQTO’TRKI)TRKO’TRSIOTRSOOTRSSO’TRSTO’TSUM
1oTTEMeTWL s TWLO s X9 XDs XDD12 9 XDD23 s XDD34 9 XDDG5 s XKDX o XW 1 s XWO s Y

COMMON QOsQIsQRT+QST

DIMENSION ANRO(101)ANRP{101})sANSO(101)+ANSP{101)sAR12(101)9AR23(1
JO1)sARSI{IO1)sARSO(101)+sARSSO(101)sARSTO{101)9AS512{(101)sAS23(101)>
2COND(5) 9 CSUBP(5)sCUE(10)sCUEI(101)sCUEQ(101)sDATA(201)9DD(102+2)
DIMENSION DTHN{S5)eDX(5)sDXN(5)+ER12(101)9ER23(101}sERKI(101)}+ERKO(
1101)‘FCI(lOl),FCO(1013?IL(5)vXND(20)!LBK(30)9PROP(5)?RHO(5)’TAB(40
22)2THCK{SYsTI{101)9sTM(102+6)sTO{101)sTRKI(101)+TRKO(101)sTRSI(101)
DIMENSION TRSO(101)sTRSSO(101)sTRSTO(I01)»TSUM(20)sTTEMI100)»TWLI(
11011 s TWLO{(101)eX(10294)3%D{5420+5) s XKDX(5)

GO TO(100+2009300+4009500+600+7009800+9001) sJKL

WRITE QUTPUT TAPE LT2s101

FORMAT(10X19HERROR IN INPUT DATA)

GO TO(110+120s130+140+1501) sNDAT

WRITE OUTPUT TAPE LT12,111

FORMAT(10X28HONE SURFACE HAS NO HEAT LOAD)

GO TO 998

WRITE QUTPUT TAPE LT2+1219 INDXsIND(INDX)

FORMAT (10X26HINCOMPLETE HEAT LOAD INDX=sI59s5X10HINDIINDX)=s15)
GO TO 998

WRITE OUTPUT TAPE LT2+131sINDXsIND(INDX}
FORMAT(10X36HEXCESSIVE NUMBER OF HEAT LOADS INDX—,IS’SXlOHIND(INDX
11=+15)

GO TO 998

WRITE QUTPUT TAPE LT2s141

FORMAT(10X32HINCORRECT INPUT FOR VACUUM LAYER)

GO 7O 998

CONTINUE

GO . TO 999

WRITE QUTPUT TAPE LT25201JTPR

FORMAT(/5X20HTESTS PER ORBIT SET=s15)

GO TO 999

WRITE OUTPUT TAPE L72+301sMR

FORMAT(10X34HSOLUTION FAILS TO CONVERGEsCYCLES=915})

GO TO 999

DO 450 1=1s1WC

WRITE QUTPUT TAPE LT2+401sMAsI»(TMI19J)eJd=194)
FORMAT(/710X3215+s4{2XsF10e¢5)}

CONTINUE

GO TO 999

DO 550 I=1s!W

IWA=IL(I)

DO 550 J=1s1WA

WRITE OUTPUT TAPE LT2+501s1sJds{XDUlT14J3KK)1sKK=145])
FORMAT{/1XSHLAYER s1595X12HSLICE NUMBERsIS5/1X9HOUTSIDE =4F10e593X12
IHLEFT CONST =9F10e593X10HMIDPOINT =+F10s593X13HRIGHT CONST =4F10e5
233IXBHINSIDE =3F10e5}

$5-3028
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550 CONTINUE
GO TO 999
600 WRITE OUTPUT TAPE LT2,601
601 FORMAT(//5X5HLAYER¢5X6HSLICEvaXBHDXNo?XZHDX 10X4HDTHN.8X4HPROP.8X
14HXKDX)
DO 650 I=1,1W
WRITE OUTPUT TAPE LT2+603sI+IL(1)sDXN(T)oDX(T1)sDTHN(I)9sPROP(I) XKD
1X(1)
- 603 FORMAT(//2(5Xs15)45{2XsF1065))
650 CONTINUE
GO TO 999
700 WRITE OUTPUT TAPE LT2s701s IWALL sMRsMA
701 FORMAT(//10XTHWALL NO»sI5s5XBHORBIT NOsI159s5X14HTIME PERIOD NO»I5)
IWx=1
DO 750 I=1s1W
IWX=IWX+IL (1)
IF(IW-117505750,705
705 GO TO(7105720»7303740+750) s1
710 TWL12=TMUIWX>3)+XDD12%(TM({ IWX+193)=TM{IWX93)}
GO TO 750
720 TWL23=TM{IWX»3)+XDD23*(TM( IWX+19s3)~TM{IWX93))
GO TO 750 .
730 TWL34=TM{IWX3s3)+XDD34*(TM( IWX+1s3)~TM({IWX+3))
GO TO 750
7640 TWL&5=TM{IWXs3)+XDD45*(TM( IWX+1+3)=TH{IWXs3))
750 CONTINUE
WRITE OUTPUT TAPE LT29751sTM(2s1)9TMIIWCs1)sTWLI2»TWL23 s TWL 34 TWLE
15
751 FORMAT(10X57HTEMPERATURES OUTSIDE SURFACE INSIDE SURFACE INTERF
1ACES 32X +6F742)
GO TO 999
800 CUESOS = CUESOS + CUESO
CUESIS = CUESIS + CUESI
WRITE OUTPUT TAPE LT2+801sCUESOsCUEST »CUESOS+CUESIS»Q0sQ1
801 FORMAT(10X52HOUTSIDE AND INSIDE HEAT FLOW RATES AND TOTALS BTU/HR,
176 (5XF1242))
IF (ITRN~IW}9994+8105999
810 WRITE OUTPUT TAPE LT2+811s0RT»GST
811 FORMAT(10X54HINFRARED AND SOLAR ENERGY TRANSMITTED THRU WALL BTU/H
1R$2F1242)
GO TO 999
900 WRITE OUTPUT TAPE LT2+901s IWALL
901 FORMAT(1H1s5X30HSTARTING NEW PROBLEMsWALL NO =15}
CUESOS =0.
CUES1S=0,
GO TO 999
998 CALL DUMP
999 CONTINUE
RETURN
END
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50

51

69
70

71

SUBROUTINE TEMTRN

COMMON ANRO’ANRP'ANSO9AN5P'ARIZ’AR23'ARSI’ARSO’ARSSO’ARSTO'ASIZ’As
1239AVACI s AVACO s COND 2+ CSUBP s CUE s CUE T #»CUEOs CUEST s CUESD
2OATASDDSDELTsDTHNYDX sDXNsDXNAsDXNBsDXNCsDXNDIER1I29ER23

COMMON ERKI*ERKOSFCIsFCOsHRSOBTHIDATASIL s INDsINDXs ITPMAX s ITPMINSIT
lRNoIVAC’IWQIWALLylWCoIWD’JD[oJTPR!KL9L80;LBK1LBNoLT1OLTZ’MA'MR»NDA
2TosNSETINSETReNSETSsNWALLsPROPSRBITsRHO

COMMON SUMASTABsTHCKsTIsTMeTO» TRKISTRKOsTRSI s TRSOsTRSSOsTRSTOTSUM
1o TTEMy TWLI»TWLO X e XD XDD12sXDD23sXDD34 XDD459XKDX’XWIQXWO’Y
COMMON QO+Ql sQRT+QST

DIMENSION ANRO(101)+sANRP({101)sANSO(101)sANSP{101)+AR12(101)sAR23(1
101)9ARSI(101)sARSO(101)+sARSSO{(101)sARSTO(101)sAS12(101)9+AS23(101),
2COND(5)+CSUBP (5 )y CUE(1I0)sCUET(101)+CUEO(L101)+sDATA{201)9+DD(102+2)

DIMENSION DTHN({5)sDX(5)sDXN{5)9ER12(101)sER23(101)sERKI(101)+ERKO(
1101 )sFCI(101)sFCOCL101)2IL(5)sIND(20)sLBKI(30)sPROP(S5IIRHO(S5)sTAB(LD
22)sTHCK{5) o TI(101)sTM(10294)sTO(101)sTRKI(101)9sTRKO(101)»TRSI(101)

DIMENSION TRSO{101)sTRSSO(101)sTRSETOI1I01)sTSUM(20) o TTEM(100)oTHWLIY
1101 ) s TWLO(101)eX{102+4)sXD(592045) eXKDX(5)

M=MA

IF (MR)50+50s51

DTMAP:0.

DTMBP=0e

DIMCP=0.

DTMDP=0.

DTMEP=0.

DTMGP=0,.

DTMHP=0+

DTMKP=0.

LWlz=1+IL1(1)

AR=CUE(3)%#ER12{M}

QS5=CUE(3)~-QR
FR1I=1.-AR12{(M)~-(ARSO(M)*5,78)
FR2=ANRO (M)

FR12=SQRTF(FR1%FR2)
CR1=QR¥{FR]1-FR12)
CR12=QR*(FR12-FR2)
FS1=1,~AS12{M)—(ARSSO(M])*5.78)
FS2=ANS0(M)

FS12=SQRTF{FS1%#FS2)
CS1=QS*(FS1~-F512)
CS12=Q5*%(FS12-FS2}
CUE(9}=CUE(9)+CR]
CUE(8)=CUE(8)}+CS5]
DTMA=4S5*(DXN(1)+DXN(2) )% (CR12+C512)
TMILW12s3)=TMILW12+3)+DTMA-DTMAP
DTMAP=DTMA

GO TO (69s495)+ITRN

IF (IW-1)100571+70
DTMB=({FR2¥*QR)+(FS52%QS) }¥DXN(2)
TM{LW12+193)=TM{LW12+143)+DTMB-DTMBP
DTMBP=DTMB

GO TO 100

QRT=QR*FR2

QST=QS*¥FS2

GO TO 100

~
(GCARRETY,
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Z
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5

20

21

22

31

100

FRZ21=FR2#AVACI

GO TO 2

FR21=FR2-ARZ23 (M) *FR2
FR3=FR2%ANRP (M)

FR23=SQRTF (FR3%FR21) -
CR2=QR*FR2#(FR21~FR23)
CR23=QR*¥FR2*(FR23~-FR3)
FS3=FS2%¥ANSP (M)
FS21=FS2-AS523(M)%FS2
FS23=SQRTF(FS3%FS21)
CS52=05%FS2*®#(FS21~-FS23)
CS23=Q8%FS2%(FS23~FS3)

GO TO (100s20+3)sITRN
LW23=LWl2+1L(2)
DTMC=oeS¥{DXN(1)+DXN{2) 1 ¥{CR2+CS52)
DTMD=o5%({DXN(2)+DXN(3))%*(CR23+4(CS523)
TMILW12+13)=TM({LW12+1,3)+DTMC~DTMCP
TMILW23+3)=TM(LWZ2393)}+DTMD~-DTMDP
DITMCP=DTMC

DTMDP=DTMD

IF (IW-~21100+9224+21
DTME=({FR3*QR)}+(FS3%¥QS) ) *DXN(3)

TMILW23+1+3)=TM(LW23+193)+DTME~DTMEP

DTMEP=DTME

GO TO 100

QRT=QRX¥FR3*FR2

QST=QS*FS3#FS2

GO TO 100

LW34=LWI2+1+1L(3)

DTMG=o5% (DXN(2)+DXN(3) )% (CR2+CS2)
DTMH=¢5% (DXN(3)+DXN(4) ) ¥ (CR23+CS523)
TMILW12+293)=TMILW12+253)+DTMG-DTMGP
TM{LW34+3)=TM{LW34 43 ) +DTMH~DTMHP
DTMGP=DTMG

DTMHP=D.TMH

IF (1W=3)100+22,31

DTMK=( (FR3%OR)+(FS3%*QS) ) *DXN(4)
TM(LW34+1+3)=TM(LW364+153) +DTMK-DTMKP
DTMKP=DTMK

IF{JD1140054005200

200 WRITE OQUTPUT TAPE LT2+301sITRNsMsLWI29sLW233LW344sQRsQSsTM{LW23+153)

301

303
400

1sTMILW3453)»TM(LW34+14+3)
FORMAT(5X+51595F10e5}

WRITE QUTPUT TAPE LT2+303sFR1+AR12(M)+sARSO(M)sFR2sANRO(M)sFR12+CR1
1sCUE(3)sER12{M) sCR1I2+CUE{T)sFS1sAS12(M)sFS2+sANSO(M)FS129sC519CS12,

2TMILW1253) s TM(LW12+1+3)

WRITE OQUTPUT TAPE LT2+303sFR3sANRP (M) sFRZ1L,AR23(M}sFR23+yCR2+CR23»F

1539 ANSP (M) sFS21+AS23 (M) sF523,C52+CS523»TMI(LWZ23,3)

FORMAT(10X+7F1045)
RETURN
END

~
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SUBROUTINE DISVAC

COMMON ANROs ANRP 3 ANSO»ANSP sAR12+AR234ARST +sARSOsARSSO9ARSTOIAS120AS
123sAVACIsAVACO»COND»CSUBP s CUE s CUE] s CUEQ 2 CUEST 9 CUESO
2DATASDDsDELTsDTHN DX sDXNsDXNAsDXNB +DXNCsDXMD+ER1I2+ER22

COMMON ERKIZERKO#FCIsFCOsHRSOBT 2 IDATASIL s INDs INDXs ITPMAX oI TPMINSIT
IRNs IVAC» IWs IWALL s IWC o IWD s UDIsJTPRIKLSsLBDyLBKsULBNsLT12LT2 sMASMRYNDA
2T oNSETsNSETRsNSETSsNWALLsPROPsRBIT »RHO

COMMON SUMAQTAB!THCK’TI9TM9TOOTRKI’TRKO’TRuI)TRSO’TRSSO’TRST00TSUM
ToTTEMeTWLI»TWLO e X s XD XDD129XDD23 4 XDD34 3 XDDG5 s XKDX s XWI s XWO Y

COMMON QO+QI+sQRT QST

DIMENSION ANRO(101)+ANRP(101)sANSO(101)9ANSP{101)+sAR12(101)sAR23(1
10115ARS1(101)sARS0O{101)sARSSO1101)sARSTOL101)9AS12(101)+A523(101)>
2COND(5) s CSUBP(5) s CUE(10)sCUEI(1011sCUEO(101)+sDATA(201}+DD(1024+2)

DIMENSION DTHN{S5) sDX{5) oDXNI5)sERI2{10L)I»ER23 (101} +ERKI(101)+ERKO(
1101} sFCI{101)sFCO(101)eIL(5)9IND{20)sLBK(30)sPROP(5)sRHO(S})sTAB(40
22)oTHCK(5) s TI(101)9TM(102s4)9TO(101)sTRKI{101)»TRKO(101)sTRSI(101)

DIMENSION TRSO(101)sTRSSO{101)+TRSTO(101)sTSUM(20)sTTEM(100)+TWLIY(
1101)9TWLO(101)9X(102s4)9XD15420+5) sXKDX{5}

TEEF(T)I=(T*e01+4e6)%%4
BVCO=1.0001/AVACO
BVCI=1e0001/AVACI
CVAC=4173/(BVCO+BVCI—1e}
Iwx=1

DO 750 I=1+IW
IWX=TIwX+IL{])
IFLIW~-T1175097505705

705 GO TO(710+720+730+740750) 91
710 TWLIZ2=TM(IWX3)4XDD12%(TM{IWX+193)~-TMIIWXs31})

GO TO 750

720 TWL23=TM{IWX>»3)+XDD23%{TM{ JWX+193)-TM{IWX93))

GO TO 750

730 TWL34=TM(IWXs3)+XDD34* {TMITWX+1s31~TM{IWX+3))

GO0 TO 750

740 TWL45= TM(IWX;3)+XD045*(1M(IWX+193)~TM(IWXv3))
750 CONTINUE

401 GO TO(410s402+403+404)s1IVAC

402 TAV=TWL1Z2

TBV=TWL23
GO TO 405

403 TAV=TWL23

TBV=TWL 34
GO TO 405

404 TAV=THWL34

TBV=TWL45

405 [F(ABSF(TAV- TBV)-I.)QO&.4079G07
406 TAV=TBV+1.
407 TCV=TEEF({TAV)

TOV=TEEF(TBV)

DXNUIVAQ)=ABSFU{TAV-TBV )7 I CVAC*{TLV- TDV)))
XKDX{IVAC)I=E ¥DXN(IVAC)

CALL DISTX

410 RETURN

END
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